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I. INTRODUCTION

This report has been prepared in response to a letter request from Margaret R.
White of the Lawrence Berkeley Laboratory dated March 5, 1979 and an inter-
agency agreement DOE IA #DE-A102-79CH10025 between the National Aeronautics
and Space Administration (NASA) - Lyndon B. Johnson Space Center (JSC) and the
U.S. Department of Energy (DOE). The report presents the results of a study
performed by personnel within the NASA - JSC Life Sciences organization in
conjunction with elements of The Boeing Company. In preparing this report, an
effort has been made to respond to the letter and intent of the Statement of
Work (SOW) included in the interagency agreement.

A. OBJECTIVES

One objective of the study is to assess the effects of all curently known
deviations from normal of medical, physiological and biochemical parameters
which appear to be due to zero gravity (zero-g) environment 1 and to accelera-
tion and deceleration to be experienced, as outlined in the reference SPS
design, by space workers. Study results are based on current knowledge and
the current SPS Reference System Report, DOE/ER-0023, October 1978. These
results include:

a. Indentification of possible health or safety effects on space workers
- either immediate or delayed - due to the zero gravity enviromment
and to acceleration and deceleration,

b. Estimation of the probability that an individual will be adversely
affected.

1Although the SOW specified that only "the zero gravity environment and
accelerations will be considered", NASA has taken the 1iberty of includ-
ing potentially adverse effects/affects caused by other stresses of work-
ing in the space environment. This was done to provide relevant informa-
tion which might otherwise have been excluded from consideration.



C. Description of the possible consequence to work efficiently in persons
adversely affected, and

d. Description of the possible/probable consequences to immediate and
future health of individuals exposed to this environment.

Another objective of this study is to prepare a research plan which addresses
the uncertainties in current knowledge regarding the health and safety hazards
to exposed SPS space workers. The plan is presented in section VI, Research
Planning. It identifies current on-going research, proposed research to sup-
port a Space Operations Center (SOC) program, and research that will be recom-
mended specifically to support an SPS program.

B. BACKGROUND

NASA has drawn heavily on the biomedical results from the Apollo and Skylab
missions, and the Apollo-Soyuz Test Project (ASTP). Current knowledge of the
effects of weightlessness and acceleration/deceleration is updated. Where
appropriate, we have used the biomedical results of all prior manned missions
flown by the United States as well as the groundbased experimentation done in
conjunction with these flight programs. Information from Soviet Union space
studies has been used where possible but is limited by credible sources of
documentation containing sufficient supporting data.

Significant information used as a base is summarized in section IV and is
included in matrix form in section III.

It is recognized that the sources of current knowl edge are from prior programs
that subjected crewmembers to situations and conditions not fully representa-
tive of the situations and conditions that future SPS space workers might
encounter. To formulate their predictions of hazards, NASA and Boeing person-
nel assigned to this study have made a determined effort to identify and
define the nature and magnitude of these differences. Factors involved in
comparing past and future missions are shown in figure I-1. Some of the major
differences in program requirements relating to the SPS space workers vs. the
astronaut crews are shown in figure I-2.




CREW (SPACE WORKERS) HABITAT
0 TYPE OF PERSONNE

0 L 0 ENVIRONMENTS
o PREPARATION AND TRAINING o SHIELDING
o PRE-, IN-, POSTFLIGHT ACTIVITIES 0 RECREATION AND REST
0o REGIMENTATION AND DISCIPLINE o FOOD AND NUTRITION
o ETC. o PRIVACY
o ETC.
MISSION FLIGHT PARAMETERS CAREER*
o ORBITS o TOTAL TIME IN SPACE
0o ACCELERATIONS o CUMULATIVE PSYCHOLOGICAL/
o SOLAR ACTIVITY PERIODS PHYSIOLOGICAL EFFECTS
o ETC. o JOB FATIGUE
o SPACE TIME/GROUND TIME

*NOTES: DURING A 5-YEAR CAREER WITH A 90 DAY UP/90 DAY DOWN, A PERSON MAY

SUFFER FROM SPACE ENVIRONMENT EFFECTS FOR 4 TO 5 MONTHS OUT OF EACH 6
MONTHS, RESULTING IN A CAREER SITUATION OF BEING IN A DEVIATE PHYSICAL
CONDITION FOR 3 1/2 TO 4 YEARS TO THE 5 YEAR TOTAL.

AFTER THE 84 DAY SKYLAB MISSION, TWO CREWMEN HAD NOT REGAINED HEEL
BONE CALCIUM BY DAY 95 POSTFLIGHT.

FIGURE I-1 Factors involved in comparing past and future missions.



1. THE TYPE OF PERSONNEL SELECTED:
SPACE WORKERS
o MALE-FEMALE VS.

0
0 BROAD AGE RANGE VS. 0
0 PHYSICALLY BASICALLY UNSCREENED VS. 0
0 LARGE CREWS VS. 0

SKYLAB ASTRONAUTS

ALL MALE

LIMITED RANGE

PHYSICALLY SCREENED AND
DEVELOPED

3-MAN CREW

2. THE EXTENT AND TYPE OF CREW PREPARATION FOR SPACE DUTIES:

SPACE WORKERS

o SHORTER PREPARATION TIME AND ]
TRAINING, LIMITED PRIMARILY

TO JOB RELATED ACTIVITY, WITH

MINIMUM SPACECRAFT PHYSICS &
SYSTEMS, HABITABILITY, ETC.

SKYLAB ASTRONAUTS
SEVERAL YEARS NF
BROADBASED EDUCATINN AND
TRAINING IN ALL ASPECTS
OF MISSION ACTIVITIES
WITH EXTENSIVE EDUCATION
IN FUNDAMENTALS OF ALL
SCIENCES INVOLVED IN
PROGRAM.

3. THE NATURE OF THE MISSION ACTIVITY ASSIGNMENTS AND THE FREOUENCY AND

DURATION OF FLIGHT TIME/GROUND TIME:
SPACE WORKERS
o VARTETY OF SPECIALIZED SKILLS 0
(WITH MINIMUM PROFESSIONAL
ENGINEERING AND SCIENTIFIC

SKILLS).

0 WORK AT PEAK EFFICIENCY FOR 0
MAXIMUM SAFE PERIOD DURING

MISSION. RETURN TO SPACE IN
SHORTEST SAFE AND PRACTICAL TIME.

SKYLAB ASTRONAUTS
EATH CREW MEMBER CAPABLE
OF ALL SCIENTIFIC,
TECHNICAL AND MAMAGEMENT

REQUIREMENTS.

WORK AT HIGHLY MOTIVATING
JOBS AT CAREFULLY

SCHEDULED TIME LINES
BASED ON METABOLIC AND
EXPERIMENT REQUIREMENTS.
MISSION DURATION BASEN ON
CREWS' CONDITIONM
(CAREFULLY MONITOREN).
RETURN TO SPACE NOT A
PRESSING ITEM.

Figure 1-2 Major differences in program requirements relating to the space

workers vs. astronaut crews.




C. APPROACH

The approach used by NASA in performing this study was to assign qualified and
experienced scientists in various life sciences disciplines to identify and
define the possible environmental effects on SPS space workers. The NASA par-
ticipants worked closely with an aerospace contractor (The Boeing Company) who
was responsible for coordination, compilation, collation and documentation of
the information provided. NASA and Boeing participants drew extensively from

documented research experiences and available expertise of prior manned space
flight programs.

Sources of information includes:

o Documented biomedical results from Skylab and other manned space
missions. (Limited Soviet data were included from credible sources
containing sufficient supporting data).

o Documented results form ground-based biomedical research.

o Documented results from ground-based tested and verified design and
operational approaches.

o Documented information from other programs involving isolated crew
habitation and confined quarters, i.e., Arctic and Antarctic activi-

ties, off-shore oii operations, undersea programs {Tektite), submarine

duty, etc.
o Direct contact with designated NASA or contractor expert consultants.
o Feedback from review meetings and comments on submitted reports.
The data base from these sources is comprehensive and includes:
o Results from three major manned space flight programs of the United

States. They are: seven Apollo flights, three Skylab missions and the
Apollo-Soyuz project.



0 Results from extensive ground-based and flight research in all human
body systems. (The subjects were predominantly male.)

0 Experiences gained from development of systems designed to support
space flight. These systems are for health care, 1ife support and pro-
tection, and environment and biological monitoring.

0 Results from extensive ground-based development and demonstration
testing.




II. GENERAL SUMMARY AND CONCLUSIONS

Answers sought for the following critical questions, before commitment to
build and operate an SPS are: How long can humans live safely and work
efficiently in space? What is the maximum duration of an effective work
schedule? What are the total number and frequency of missions to plan as a
career in either low earth orbit (LEO) or geosynchronous earth orbit GEO?

To answer these and other questions for the Apollo program, NASA investigated
the capability of astronauts to cope safely with the stresses associated with
performing a vast battery of flight related tasks. During the Mercury and
Gemini missions, we learned that man could withstand launch and reentry stres-
ses, could perform complex mental and physical tasks for periods of up to 14
days, and could readapt to Earth gravity without adversely altering normal
body functions. During Apollo missions, knowledge and confidence in man's
ability to safely and effectively perform complex tasks in the Tunar and space
environments and readily adapt to changing environments was further expanded.
During Skylab, emphasis was directed to man's ability to live and work in
space by performing medical-oriented research experiments and by monitoring
the inflight operation of several major body systems. In addition, dedicated
research medical equipment was tested extensively.

The inflight experiments, designed to contribute to understanding the func-
tioning of major body systems, included the cardiovascular musculoskeletal,
hematologic, vestibuiar, metabolic, neurclogic and endocrine systems. It was
shown that a few body systems were not affected, the majority showed adaptive
changes, and there were indications of progressive changes (e.g., bone demin-
eralization, muscular atrophy, plasma volume and red blood cell loss.) These
changes contraindicated long-term exposure to zero-g forces unless corrected.

In Skylab, major emphasis was directed to evaluating on-board 1ife support
systems. These included food, waste management, personal hygiene and inflight
medical support. This data base will be valuable in planning future long-
duration missions.



Evaluation of the medical experiments and the operational medical systems of
the 84-day manned Skylab III mission provided a high degree of confidence in

man's ability to work and live safely in a space environment for periods which
may exceed 120 days.

Although most adverse affects experienced during space flight soon disappeared
upon return to the Earth's enviromment, there remains a definite concern for

the long-term effects to SPS space workers who might spend as much as half
their time in space during a possible five-year career period. The proposed
90-day up/90-day down cycle, coupled with the fact that most of the effects of

weightlessness may persist throughout the flight along with the realization
that recovery may occupy much of the terrestrial stay, may keep the SPS work-

ers in a deviant physical condition or state of flux for 60 to 100 percent of

their five-year career. Further studies in effects/affects of sequential
adaptation from one-g to zero-g, and reverse, will be necessary before a five-

year career period can be evaluated properly.

The NASA and Boeing scientists involved in this study have concluded that

there is substantial evidence to indicate that only preventable and corrective
adverse effects will be experienced by SPS space workers. They further

believe that, although additional potentially adverse effects may be identi-
fied prior to the early SPS missions, counteracting or ameliorating approaches

can be developed contemporaneously to avoid any adverse effects to their
health and safety.

This position should not be construed as having insufficient concern for the
safety and health of the SPS space workers. It is based on the postulation

that NASA/DOE will conduct adequate research and development to recognize
potential threats and provide countermeasures to protect the workers. It
further presumes that workers will be selected, trained, and motivated to make

proper use of equipment, and approaches will be designed to make their careers
in space healthy and safe.




The study did not include the effects of radiation.

There are several aspects of this study that deserve consideration if the
conclusions presented are to be maintained in a proper perspective.

1.

3.

Conclusions based on “"current knowledge" are derived from prior manned

space flights where the type and condition of the crew and the mission
conditions exposing the crew to adverse effects of the space environ-
ment are in many respects different from those anticipated for future
SPS space workers.

The final definition of the role that man will play in space and the
details of his living and working conditions will evoive during the
next 15 to 20 years. We will gain additional experience through

development and operations for precursor space projects detailed in
the Space Transportation System (STS) and the SOC programs.

The NASA Life Sciences and Crew Systems organizations will gain an
abundance of test data relating to the physiological and psychological
stresses to be experienced by the SPS crews and their families. They
are confident that the means to ameliorate or prevent any adverse
effects due to these stresses will be developed. The information can
be made available to the DOE at appropriated intervals during the
developmental phases of the SPS program.

Although certain biomedical problems are known to exist in today's
manned missions and complications are expected to occur when large
numbers of people begin to make a career of working in space, our
scientist and technical experts believe that these problems will be

resolved and that humans will be able to live and work effectively in
space without unusual degradation to their health, safety, and general

well being.



ITI. INVENTORY OF HUMAN RESPONSES TO SPACE FLIGHT

This section presents a summary of known deviations from normal of human body

systems in response to the space flight environments. It also includes
methods of amelioration and a prognosis of impact on SPS space workers.

An encapsulated Inventory of Human Responses to Space Flight in matrix form,
which follows, was derived from the American biomedical research programs in
space. The major body systems/research entities in the order in which they

appear are listed below. Detailed discussion of each entity starts on page
46.

A. Musculoskeletal System

B. Cardiovascular System, including B.l. Hemodynamics,
B.2. Hematology, and B.3. Immunology

C. Nervous System

D. Neurophysiology, including D.l. Vestibular, D.2.
Special Sense Organs, and D.3. Other Sensors

E. Excretory System

F. Digestive System

G. Respiratory System

H. Reproductive System

I. Biochemistry

J. Endocrine System

K. Energy Metabolism

L. Fluid Shifts
M. Integumentary System

Food and Nutrition
0. Electrolyte Balance

10




-d uo gurtuurSaq SIOULIIFAI JO TUTISTT 39S

T

Kep
1512 A¢
uoLsstu Jumoub,, sbueys qubL 43506
‘wapqoad SNOLJdS . 1y qybr43sod 3ho yout! 3ybiay jo jusw L4 Juw ‘uy faud
e J0u $3|qeU0ARd VY/N| uojuaoyl qelhas | sAep ¢ Ag -ybnouayl v/N0°2 03 dn| -aJnsesaw 333410 -dinba maug | *3ubisy MALD
6
pue 9 Aep
uaamMi1aqg
WUIMOoUb, abueyo qubLpi3sod
‘waqodd SnoLuds 82 yout] 3ybiray jo jusw 13 Jusu ‘up ‘oud
® Q0U {9|qeU0ARY v/N umoug d1sY umouun v/N ¥/N| 9°2 03 dn} -sunseaw 333410 -dinba Mau) UK ERY]
pLyS cdse “anssty
3AL329UU0GD 4BYO 3ybLi4ased
wo4} osle 3ng ‘cut ‘aud
X1J3eul 3U0q Woul € UO13343X3
saanseaw A3tabajut Kia91ys A1qegqoad UL jcus
[R1919%S 4dY30 uo33|3Ys b4 Klae %€€ <uotzepeabap| A3tabaul -Axcuphy
se sisouboad aweg J40j dnoqe sy uopaym qelis | uaab 30N uaaLb 3oN Aaa)| paseauduIf eIa| S S3INSEDy 12331398 Aarutan
buipeo|
Le1aas *sbnup qubts3sod
*SaUNSRAWAIIUNOD |  ¢Q ULWeILA ‘Suocw fuy ‘aud
427199 3N0Y3}iM|-doyreded ‘uoLytay Le4suLu $324n0S ¢ uoL33uox2
sansodxa aseds| -nu ¢Aytaesb eld Z $S0{ Kiaesy auoq L1e wosy ssop| *Atubajut wniojed
07 qtuil| 4e3[J| -l4LIAR ISLIUX] uopayM qelAs | ulejsadun| 3Juejsuod £aspl 40 SSOT| LesduLl SIANSEIY ZETEN ]S Rarutan
*aansod
-x9 3deds jLuLl
ued 3193449 SLY3 fuipeol
‘pajeqeun psnull|{e31a(a)s ssbnap “qQ Xiajew suoq
-u0d> SSOf |eJdulw| uLwRILA €auocwaoyl bt 40 SSO| $33®d u:m__»
aouLs curejsad| -eaed ‘uotitsinu -3sod skep lesquily  -Lpul Kiqeqoad -3s0d ‘aad
-un pue pajoeajosd ¢A31Aaeab 1ELd I l6< 03 SALS [paULULDY auogi pue SSO| LB43uilW £314623uL juolleZLRJIBULL
st 2wty A4an003Yy| ~LlIde CBSLOUIXF tabop qe A4S shep pg>| -sadboag| -3p 30§ 40 S5O [®20] SOUNS B {e3a13%s | -9p 8uo0g [33H| UOIILANS 1
W3LSAS
T71373%S
-03NJSAA Y
SISONDOY¥d NOILVYOITSWV | IONIY34IY| V1IVQ | AUIAOD3Y NOILY¥NA | 13SNO | 1INns3d JONINILY3Y JAILDICEO | ANIWIUNSYIW | INZNOINWGD
i1 : IVYINID /Vvi2LSAS
LHOI4 IDVdS OL SISNOJSIY NVWNH 4O AYOLNIANI

11



A31119
-eb13ey
paseaudsut
‘A3LiLq A3111qeded
~B31LOX2 uoLsus] pue
sosuodsad -49¢n5)  AduaroLyls [ed Jubtig3sod pue
| ewaou=-aeau *PRONpad; -14323913 ‘A3L{Lq uotjouny sad ‘2posnu
MOYS SIusuwaansesw 12 A1Lpiqedes] -ebries “£31q1q Jenosnu [¥1213%s 30
43430 ‘3qeaoAeq suoy SJdA34RT qe|Ays Lenpeag v/N Y/N| UuOLSu3]j -e31IX3 Saunseay -odnay | sisAeue ©y3
uoty
-L43nu Spaunseau ubLiL
8q 03 sa|osnu Jdue 3s0d § a4d
8Yyz o0 Apue| 1 pautLu paulwiall 3seaUddp| ~Wu0judd |rIuUsW Aydouge A1t1igeded
a|qeqoard(-natgaed 3s1oJ49%3 uojuJsoy || qeiAis| -4a39p 30N Y/N| -9p 30y YbLLS| -3403p Saunseay denasny 32404
46Ul
A2L{tqeded
hoyaq ,uwst|oqezaw |ABuaul, 99s 9sLoUaY3
146t 143s0d
A3Litqeded
NO|3q ,wSsi{oqeyawlABaaul, 23S 95 1240x%3
3ubLg
3so0d ‘uL ‘aud
*pa3sabbns syjuou uoL3ta3nu Aydouge ‘u013349x3 ush
6-9 403 A33jes ‘A3LARaS [BLD 2 3ubL1s3sod 3ybLis Ino Alaed $so| Jepnasnu Aydoaze | -oujtu [eday
‘sisouboud papaeng| -Lj13ae €asLouax3 uopaym qeiAg( A[aed Audp |  -uybnouyy Aaspl usbouazLy saunsedy 4B [NISNK pue Lueutan
*9|qeJsoAey
st sisouboud *s3say
191teaed ut pagoay
-3% AL3ybi1s Aiuo|uottainu A3aeab
sem sdnosb a(osnuietdLigae ¢sa|asnu 48y33603 Aydouage by
Pa3daias jo A3111q|A3LARub-L3UR s0 A 1 Jybriggsod [aybris no yauLb baf| a(asnu g 341ys| swwstuebao | 3s0d ‘ur ‘aud aany
-eded 90404 3JULS H LIS “aS1I49X3 uoju.loy || qelAys Aep 1% -ybnouyy | sAep ¢ paonpay| pLnid sasnseay| “or3sL|oH ‘Y3aLb i -einosny g
W3LSAS
LITEUS
=0ToSHiy Y
SISONDOYd NOILVHOITIWY |[3DN3IY343Y; VIVA | A¥IA0D3Y [NOILYHNA | L3ISNO | 11nS3y JONIN!ILYI FAILDIACFO | LNIWIYNSYIW | INSNDZ70D
IYHINID /NILSAS

1HOITd IDVdS OL SISNOLSIY NVWNH 50 ANOLNIANI

12




-sa1pnas

13

aAljRJOLiBWe WOLS ‘34 Ly
elep 40 3disoaa uodn pings oy
pasjepdn aq o3 Axjus Japute
SLy] “°SnjeA mo| -34 3y
AABA B 03 9S1043X%d Kudoae o
Aq paonpas uaaq Sey paqLUdS
Juauodwod Aydoaze sfep 0¢ 1w 00
juejJodui-3ybnoyz Kq 2391dwod ¢sba| wouy JubLLs
-35u0 3y} pue 3dedut ¢sAep ¢ ul S4a3tl €°1 asod pue aud
jeuoryedado ou st ot g/z ‘AeplaybLis ano ¢ 3un ON abueyd Aydosge ‘sisfieue
943yl “°9lqedoaeq 951049x3 9133 LyM qe S| auo uL g/1| -ybnoayy v/N 30 SSCT AWNLOA S3ANSEY denasny! 21433034335
*A3L11q
-eb1iey
ajosnut b
paseaudu]
*saosnu
wie jo A
~U3LIL4 ).
{eoLU393|
paseasou]
*sa|osn
*K4dn0024 63y 4
Suranp saseb o1x03 KoUaLoLy ) KatLiiqeded
01 pasodxs sianeu 1eotu308| uoLsuaj pue
~043SY  °Sdsuodsad paseasodp *A5UILoLi43 (€D aybLjasod pue
LPWAOU=-4RIU MOYS ‘firpiq -1a393(8 ‘A3L(Lq uoLjouny auad “ajosnw
sjudwaanseaw 43yio 22 -p3Loxgd -ebiyey “A3L(io Jenhosnut 1P2913NS 40 aJany
*3|qra0AR) A1qeqodd auoN  S43Aa4e] disvl umouun Y/N v/N paseadouy| ~e3LIX3 S3NSEIY oanaN| SiSALeue 93| -eLNISNH °¢
W31SAS
R EREM
=0NISAA Y
SISONDOYd NOILVYOITIWY | IDONIYIIIY viva AY¥3IA0D3Y |NOLLYYNG | LISNO | LINs3y JON3NILY3d JAILD3FF0 | INIWIHUNSYIW | LNINOJIWOD
TVy3INGD /VWILSAS

LHOIT4 30VdS Ol SISNOJSIY NVWNH 40 AYOLNIANI



peppe
$Sa41S
dNgT Udym
JubL(4
-3sod pue
*sdsuodsau JybLijut
Fanrydepe 3sayz jusaa S}aaM /-G sabueyd
-34d 3ybtw swnjoA uL sajeqe Auey
poolq jJO {043U0d 2oeds ut nyb33sod
pue “s1jtys pingy dNg1 03 butysau g
30 uo13uaAaud asuodsau 3ybL4oud $S343S dNF
"3 qLS4dAau| “sbBnup Aq wa3sAs CINCRBRC] Butrysau euswouayd SS3USSA| yim 346114
aJe pue abued SNOAUBU I LWOU pGERPE) EETET] Leata3dadla} -jybam uL | 3sod pue ‘ut
[PWJAOU ULYILM BuR| -03NE JO [O4FUOD L anoybnouys sabueyd| oeLpaed j0 sjudw uotaouny ‘aad “Audeuadot
sabueyy *9[qe4oARy ¢paaLnbau 0N 13[340H qelAYS ejep oN| A|{~J4ausgshep 4> M34| ~-3ansea 3d341Q SR LpUR) -p4iR240399A J403H
uoL3onpad
awn| oA
pro43s pue
uoL3onpad
sseur e |
=N31tATUdA
U0 L1ONpad
auwnjoA
Butyiuy| dt{o3setp
-UOU pu® 3{qLSUBA 33e tudoadde pue ue}
34 343M pPaALDSqO uaaoad A3y aae ~NILAJUIA
sabueyd eotsAud|aou (judwaiddns +y Butpniout
{lews -paJiedwl{dslo4axd) pazi[tin sabueyd Juewaoiad uotoduny 1ybLi43scd
-un sem uolidung| ALjuasaad Jou ade 9 aybLis3sod L[R2 LSAyd| oeLpaed JO SjuaL{g Bunonuls| ‘aud ‘Auydeub
oRLpA®) ‘9| qRJOAR]|3BYJ PAALNDAL SuO|| Aausy qe L Ay sfep Qg> {anoybnouy) Y/N LLews] =~aanseaw 123aLQ JR1paR) -0LpdeI0UD: 14e9H
SoLweulp
-0wAH ' 1
SISONDOY¥d NOILLVYOINIWY FONIYIITY viva A¥IAO0D3Y |NOILVYING | 13SNO | LINS3N FONINILYEL JAIL23r80 { INIWIHNSYIW | ENSNO4WOD
IVYYINID /%3LSAS

L1HOIT4 3DVdS O1 SISNOLSIY NVWNH 40 AYOLNIANI

14




‘
3-0a9z
udniad poolq| Aq pasned qybL33s0d
*shep G-p ut UL 3LOL48p U0 sabueyd pue *2ud
Spuauy A4aa0d2y 17 alqgetaea SuOLSUBWLP| SSPW JeLpURD ?zLs 34e3y Rea-x Kg
*@| GRJUOARY pajesLpul auoy| ue Lssobod LN qe A4S 3rtnd v/N v/N poonpay| SS3| MOYS PLNO)| SULWAIL3Q| BIUAR JBLPJE] pW1-EIL
‘pIZLWLULW 4O
paziwLxew aq pLnod
Kayl -arqLssod aue
$4030"4 |eaouny
*syjuow z{ -04NaN ‘pasnsesuy
sdeyaad *udbuoy uotiepesbap ay3
JeuMaWOS passaadap| 0 Jded {{e3satod apnatdue
st 951D43xd AAeay pLNOd “pajedtp punos ueay 1ybLisased
T a0y K3titqeden|-ut 3t fA3rpLaoeay SUOLILpUOD 3544 pue pue ¢aud
*Apn3s SLY3 JO] =UO0D JB{NILUJUIA $S243S W sa913u| S| PALSLUL ¢satysadouad
sLseq U0 sAep T¢ ut{® ‘But|{ls delp4ed Burysad] -eded aeinosea w1y tesLue
233!6wed U01323d2PePUN(OA POOLq BSLALD 01 quybL23s0d y3oq =-0lpJed jJO Judw 3103545 | ~Y4o8UI0AIIBLI
-3y ‘3lqeaoAey -Uul 03 sdunsesy uewbuaag gelAig sAep 1¢£> v/N v/N ssbupy), -2UNSeaW 39841Q| SULWUII(J [JBLNIS2A0LPUR] 2403y
JybLisaud
ueyl JaMO|
“3ybLLs 8q 03
-a4d ueys Spual ISLI
a3M0| ®q -J3xs 03
03 Spusil asuodsa.,
251249%3 93eJd 3403
*pa1e4a|03 [o3 asuodsad 8 1ydL
L19M 10U{a324 a3y Butang
seM ybL|d|pue 3ubLLS EIN-EN LIV
qybtis *asuod saL -3s0d A{ Buranp 03 Spual
aoeds papuaixal diydeaboLpaed0ody -9]eLpaumL| dSeaUdUL apn3 Lubeu $53431S
40 $3$S8J43S 03] -J3(9 [eudou uiel ?asLo49xX3| 031 Spual 40123 493010549
p33ngla33e aq pinod|f-utew 03 pa1s366ns] qybradn| opn3iubeuw Syd 'Ud eusuwouayd $S3USSa| yrLm 2ybits
sabueys asuaape 3sLoJ4ax%3 pue *syjuow Z{u40329A Sud ELERNE 1e214393(d| -1ybLom uLf-3sod pue *-ul
ou © seiuwyrfyade 404 + 40 »pwmmwumL 6 ueyy ssa| jpey 3dadx? sabueyn| oelpaRd 40 SjudL uotzouny ! < -aud *Aydrub
1daox3 ‘3| qedoAaed *paJalnbad 10N Y3 tus qe1Ayg Alausaeddy|anoybnoay)|skep p> L tews -adnseaw 3234LQ JRLpJR) | =0LpARIL0LIB) 14R3H
W3LSAS
¥YINd
-SYAQICY¥YD 'S
SISONDOYd NOILVHOITIWY JONI Y343 viva A¥IAODIY |NOILVYYNA | L1ISNO | LINS3H JON3NILY3d FAILD3rg0 | INIWIUNSVYIW | LNINCINOD
IVYINID /¥i2LSAS

1HOITd IDVAS OL SISNOJSIH NVIHNH 4O AUOLNIANI

15



(13udty) asLo
S3LpNIS wsi|oqeldw -43%X3 JO S[3A3(
Kbaaua uo paseq (snoLbipoad Aq aige
‘3ubLy} uL jou 3nq| -433unod Kiqissod
A4da0224 3e dedipuey ‘aun{oA ewse|d 5
sasned aunjoA ewse|d| 40 SSO| dALSSI4B KaaA0534 Ms.wpm
30 SSO| 3ALSSaub| -oud ut s3insau b £t Y EE e uoL3onp UMW [UOLIPULWIDY -3sod “au (6016
-04d “3|qQRJOARS 0N FUZ 03 uoljeidepy uosuyop qeihiys 2 1nogy v/N V/N | =94 401 | -94nseaw 3934LQ| -Op SWN[OA [AwWN|OA PWSR|d 0103 RURH
*uo1331dwod
3ybt 14 uo
-dn [ewaou
03 abueys
*3doueWUO04 3dnJqy
-49d uewny Jadwey *3ybryy ut
40 3ddueWMLOjU3d paJsnseauw Sy98M § 1¥ SSau
OJ43tA uL 3bueys Sem Buryead| ABo(or3s umouy|-ssajjybiam| 3ubris 3sod
J0u pLp sabueyd JuauR Aoud S1199 -un jo asuodsau| 03 3suods ‘ut ‘aud
de{n{{d) ‘2|qedoaey ¥l -w] -pautw paJapuo 393£204u3L4a -34 |ed fsebueyd adeys
-un Assoub 3oy *pa3sabbns auoy AazuiLy qelAYS | -4233p 30N {3noybnouayy [sAep £%| -sLp Aueylyo aunsesw 30341q|-160]030way 1182 pay | Aboo3ruay
(436uoy
*@|qissod sdeyuad pa3eA3 |3 asuodsas ybriiasod
30U SL 3dUBDLtu 40 sAep ApeotdAy asuajap pue aud
-B1s jo uorjen|ead t1 £) A4aA0d 1unod 2134A0062ud S3unoy
wil4 °afqedoney 3uopN Aazwty qeiAys | -34 yoind uMouyufn fumousun Le3oy 40 Adoenbapy 234000n87 | ABc |03 RUWRH
*K49A033u
buranp saseb oixo03
03 S}NRUOA}SE JO
84Nsodxd JudIL3ApR
-UL Aq pasiwoudwod 6114
usaq aAey Kew eieq 3504 pue
*satjtitqeded 21340 ssad0ud (9z134206eyd a4d (stso3
-ofeyd uo 399433 ayl 30 pue a3eubiw) -Adcheud)
uedLsLubLs ou sey dajs Aue $934203n3} jo0 asuodsaua asuodsau
84nsodxs 9-0udz uL abueys| A3LAL39® 5134D asuajap 93£200n3
jey3 a|qeqoud 6l juedt -obeyd jo juaw| o13Ad06eyd 4e310nu
S 3] ‘9|qedoAey v/N ugaey d1sy v/N v/N Y/N [F4tuBLs oNFaunseaw o0u3iA ul|s0 Adenbapy| -oyduouk|og Abojojeway °z
*suotsstu aabuog A1L)Lq
Ul d|qeaoary sL skep 01l -e3depe JdeqnaseA
stsouSoud ¢Buipuey ueys -0(p4ed 4O juaw
9[211NYys JO 3uwRUy ( Lleaownyouanau) 3ybLisasod uotssiw} suaouw -5S9SSe 031 uol3 ybLLs
awi3 ut pewrxew|sS493S00q SNUOY pue) A sAep [3noubnouyl| usA0  leouet|dwod -eoLjdde |esu4aa| sudjaweded {3sod ‘ui ‘asud adnjenosen
St 3098343 ybnoyj|y| 3SLO4dxXd sdeyudql uoudoyy qeAys Le48AdS | Butuassay| |enpeuq paseausu]| -043u0d RyMALOS JRInoseA | ‘@dueL{dwo) | SIilmuApowRy]
4 W3LSAS
¥YINd
“SVACIQYYD "¢
SISONDQYd NOILYYOITINY FONIY3ISY Yilva AY¥3IA0D3IY |NOILYYNG | L3ISNO | LINS3IN JON3NILY3d JALLD3rg0 | ANIWIUNSYIIN| LNINOLINOD
IVYIN3O /W3 LSAS

1HOIT4 30VdS OL SISNOLSTIH NVWNH 40 AUO.LNIANI

16



| WELL3
| awn (oA uot1 3s0d pue
L2 11 ewseld 10 jusuw ~RULUSY | -24d ‘2un oA
JUON Adzwyy d1sy| sAep g2y v/N y/N|paseaudag -aunseaw 3034iQ | -9p SW{OA euSe | d ABo|ojeway
23142 sJ932 2wfild
URLMAULD | -04u3A4d 30 ueds | -weaed (B2 | 3scd pue 3.d
[2 2uo uL a4t 40 juswduans |-16oo3jewsy $3uLI-41°Y 5
] - it ) i nLwoYy ojewsy
< £12A0994 BULANP EIHOY Aazuyy disy ejep oN v/N v/N|pasesudsg PaW 3094Lpuj | JC dunseay wnLwoAyd 1§ 0102
uoijeleyut seb
21x03 Ag pasiwoaduod ssew uoty JubL 4
uaaq aaey Aeuw L2 ggl1182 pas jo juaw | -eutwudlsp | 3sod pue 2ud
B3R ‘9lge4oAe4 BUON KazwLy disy| sAep gz> v/N v/NIpaseasdaq| -sunseaw 30941¢ | SSew {[[d) [SSewW 3D pay A50103 w3y
BUOLSSLW U3
F340YS Wou
syjuou 2
*9sealad A0 T UL %
*3ybL4 Butuanp BuLaq u3aLodoayrfus loLssiLw Aep IS EY LN SLL®2 pad SA333W
UL u0i3934400 OS|® ybnouys aq pLnom ~£8 WoJut 3sod 30 uoljesauab |-eaed (es1b ybisasod pue
$119143p AU03R | NJALD *A1edaLboorsAyd [ 399M 3UO ttaur| =34 jo 931R4 JO| -0[03RUWIY 2ad € qunco
ON ‘3pgedoAej paJLnbaa suoy uosuyop qe LAys| uL 43A003Y v/N v/N | passauadac| aunseaw 32341(| 40 4nseay 83450 Nn2133Yy Abo | o3Ruap
SU433 3 qybLijasod
*2U3Wa4I9Pp auL|aseq $334204y34A43 |-paed (EOLD g a4d ‘ueds
464 9deds €1 wouay| '0 ueds 3Ly 40 -0[0RWIY | SHLL [{® ps4
ON 2| qe40ARy paaLnbaa auop uosuyop qeAYs ¥/N Y/N ¥/N | 96uryd oyf  Bunsesw 3234LQ| O d4nsesy ucGJRd Y1 KRB0 |03RWIH
3yl
suadr8w | 3sod pue odud
R UENENLET ] auLjaseq $934904y2A43 [-rard [BILH fsaullstey
2ybL1490eds €1 wous| 40 ueds 34L{ JO| -0[O2ewdy 1182 pad
ON "9{qeJoAed padinbaa suopn uosuyop qelAys /N v/N y/N | 96ueys oy sunsesw 3234Lpul | O d4nseay WNLWOIYdS 1§ £Boojewap
*311LG40 UL Syjuow
9 340499 A49A0334 *padLsap JL
auL|aseq 3ybL ga4d [pauabbias aq ybLw
s15966ns sAeys | asea|as utysLodod
496uo| 03 eep j-yrku3z “Apeoibog ybLLy sseuw uotl JubLLy
qe(Ays 40 uotyejod -otsAud pauaLnbau €1 1sod sAep uoL3onp! [ 192 pad 4O Jusw| -BULWABYIP 3sod pue 2ud
-B42IX3 3| qesoned J0U UOLIRJUOL|BuY uosuyop qeiAS] 09 03 0F v/N ¥/N [ -84 %T1<| -sunseaw 35841Q| sSsew |32 | Ssew [|8d p3y 50| cyewai
W3LSAS
"8
SISONDOUYd NOILYYOINIWY Elol ER-EEEL.] viva AY3IA0D3Y [NOILYYNA | LISNO | LINS3yH JONINILLY3d JAILSIFE0 [ INIWIHNSYINW | ININOIYCO
: IYY¥INID /WII3AS

JHOITd 3DVdS O1 SISNOLSIY NVWNH 40 AYOLNIANI

17



*g qeA)S ul SSeaud3p e Ssppe Aueumns eieq

v qelANS ul uoilonpad 3yStijul A[4ea ue pue 7 qelAys ul
“95e3U03p SMOoys Asewwns ejeq

co_pu:nmgp:m_Pwumonm;o;mmumnumumﬁnnmhANV
+aseasout 3ybris3sod smoys eiep pajeingel (1)

€
qe (NS ul
Aep 1 Aep 1 [paseaudag
nybL43sod *ALuo €2 aseuaboupAyap
4n220 3464 lqe (AYS ut 93eydsoud epAul
n " " jou pig UJ {paseadduy " " -3p|e4a3£| 9
v
qeA%S
ut Apuo
bLLY
3y6LLs ub {ybLpy ut ut!
" " " pPa43A023Y |paudnoddy |A4e3 ¢
qe{Ays
ut Auo i(z) ez
3YSLis (qelAyS ut ASEULN0INAY
umouyun umousun 31504 | paonpay " . ~0ycsoyd
€
qelAyS ut
paseaud
1y61 143 s0d —9p 2
ansdo ALuo [geAxS ul
" n " 30U pig umowjun Jybtsuj [pasessdu] " " SRULNOXBY
Kluo (1) ¢ aseuaboupAyspy
*pazubooau JybLLS |qeiANS Ul s3eydsoyd
3e34Yy3 ON “umouyun pau4apLsuod auoy " " S)39M 2 umouyupn 1504 | paonpay . " 9 3soon|g
$314304y3443 Ut pLse
S40328e4 J1|0qe)auw 314324 bond
3jqesoaey " . " v/N /N v/N lpabueyoun 30 JUBWALNSe I " -scudLp g°g
S1122
pa4 03 abewep S3pLxouad
‘3{qedoaey *padinbad joN " " ¥/N V/N V/N Jussqy 30 juawadnseay " pLdtT
€
*paziubooau qeiANS ut ajeydsoydiaa
3R34Y3 ON “umoujup o " " SOM 2 umMouNufn » [POSe34duU] . N auLsouapy]
*Aotnb Kjuo £l s33foouyrfua ut 3ybiisj3ubtisasod ‘uyl (wstjogeiay
pasJdanas sL asuods ST 2ybLis JqeiAds ul [saoroey orjoqezaw| up abeuwep ‘auad suoLyy 1133 pdy)
-3y “°3|qedoAe4 pa43pLSuUcd auoy Labuay qeA%S S)I9M 2 SNAdM 7 3504 | PIonpay 40 Juawaunseaty 1130 p3y-231n|6 pacnpay A50{03 2way
W3LSAS
YYINISYS
A b
SISONDOYd NOLLYYOITINY Ell EREEER viva A¥Y3IA0D3IY [NOILYYNA | LISNO | LINS3Y JON3NILY3d FAILD3rSO | INSWIENSYIW | LNZHOI180D
TYYINGD /W3LSAS

1HOIMd

JOVdS OL SISNOISIZY NYWNH S0 AUOLNIANI

18




-abedo1s ui|abueyd a1qkqodd -Foueidasoe {uual-buoy Joj ybLl 001 dde safi{eA asaul (¥)
*aupu sMoys |Aueuwuns <doir3onpasa yBL[J UL SMOys elep)paldinqet (€)
A49A0084 K13A0234
ssod asod g
¥ qeLAxs LUl £
*paziubodau 3ea4Y3 ui osie *ALuo|qelAys uL asBULY
ON ‘umouyufy [ °paJapiLsuod duoN " " pa3eAd |3 S¥99M g | °31iuI|paseadou) N " 971BANAAY
Auo eaep asey
Y6t 30ud -eydsoydiuy
pa33iwo ejeq v/N " " y/N v/N VN | ¥ qeLAs “ " sutLsouspy
LSETYLEN ubrid
ybnouysj  ut %ge
(v) " " " $A93M 2 | SRIIM 2| 314344{03 sanlej " " uLqo (Sousy3sy
(€)
6 d >m o
JybL1i3so =AS ut
4n220 314 ut (¢) EN-FEREL)
" " " " jou pig umouun | paonpay | pabueysup " " aut [oyo(A33dy
JubL L4
~3sod
pajeAd|d
Sumop $2342
liselds » £[-04y3Aud U sua03 uwmwnm mmmmww =m”wwnwwmw
| - L AL | A
*paziubodas jead sl hubLiJuL[qelAys u. oey oL|oqejaw | ui 3bewep ot 2
pozt OoN .:wocxuw *paJapLSUOd AUON {obuay qelAys SYIIM 2 umouyupy | paonpay{ pacnpay| 40 JuSWALANSRIY 1192 pay -oudsoyq |A5003eUwey
H3LSAS
YYINISYA
-0I04Yd ‘9
SISONDOYd NOILVYOIM3awy Elol ER-EEEEL.] viva AYIAQDIY [NOILYINA | LISNO | LINS3Y JFONINILY3d JAILDIr80 | AINTWIUNSYIW | ININOLWOD
. TIYH3INID /WALSAS

LHOITd IOVdS OL SISNOMSIY NYWNH 40 AHOLNIANI

19



6L
L nate v:oaMm; s403080 -umou vww
suLe3ad ud3sAs 01 A3t o84 d P
aunimsL L esowny Pl Foeded Ut sunuwr O 33 A3Lunuut ~34d ‘ss03
.w~nm;o>mu uoLLJINN Rozwty qelAds v/N v/N y/N  pfueyd oN -s34d $3UANSEIR {eaowny
AJ43A0D
kou uo1le
Aep |
aAaL3tsod
uLaloud
JAL3OR
-84-) !
cA1aA008d UBWR [ G0)
431je 7 utsdfus
g | skep -lauy |y
‘URLMIUAD utajoud
JU0 UL 02419 Y
95| Moy utinqo|b
$AIBA0D3U -040€; ZV
J4alie uLw
skep y-¢ -se(dc|nua)
paieAd(d urgo(boldey
uLGoib aseulwesuRd}
-o3dey ‘urngoty
¢Aa2A0D ‘9 pue
-94 U0 g ‘zy ‘¥
paieAal? *ftunu ulunGte ‘utas
HAT {-wi ut 2uezaodut -04d (®3Cl
(s4nsodxa ¢$1s53 | sauo A|{etoeds?
sed oLx03 Aq 62 10 ‘SuoLORAY sJ403004 ubyd
posiwosdwod uaaq Ino 1s93 uitazoud pue aunuaut -3s50d pue (A3tunuey
aaey Aew 3s31) 12 utungle [sutdjoad JO Judw {leJowny pue | -3Jd ‘suL3al
91ge40ARY QUON Aazuty d1sy v/N v/N v/N MO| Bup | -34nseauw 2284L(Q {SLSRISOBUCH -04d LRSS c
W3LSAS
dYLOSTA
-01ICEY2 8
SISONDOYd NOILVYOIIaWVY [ 3IDN3Y¥3334| Viva | AYIAOIDIY |NOILVYNQ | L3ISNO | LINS3Y JONIANILYIL JAILD3Ir80 [ INSWIHASYIW | LNINTINOD
TVY¥INID /WILSAS

LHOTd IDVAS OL SISNOASTY NV

171
hn

H 20 AYOLNIANI




|
awA30sA| JO [3AB| pI01Q JOf 3ALIRIUGSBUdas 3q |03 3ubnoy3 st {aney earpes (I
*$303449 (T)eAtyes
paje|du H9-~0udz pue wnJaas
se d|qeuotysanb UL S{aAdL
Kiielaaed adse pue Quz
saseb 21x03 03 -0SA| 40
M24D 2yl 30 dunsod 9L poqLiue
-X3 4230 udyeY ut abueys SwsLueyOdwW
34ed uL auam ejep 62 aqea3s AjLunuut 4o asuayap | (Aboounw
9S3Y] "9 GRAOARY v/N A0({Ae] disy v/N v/N v/N |-uowsp oy eIRp OJILA U] Aoenbapy |30 A3tpiqede) fug eaLies)
Aa@A02 wasAs
-3J uo £3111qeded sunuml | ybrisasod g
L 346t 143sod SLL39-1 ul|  3suodsaa BunU {peiniiad 40 | oaud *sjuned
" uoN Aazuwty qe s sAep ¢ | umowyupn [uwwoudun [uoL3ONpaY|-wWL 03 AJURALAY | A3rubaju] 91£504cwAq
b1 14
*atqissod jou si abua| Ley> -1s0d pue
sbutputj asay3 VYHd 03 walsAs -34d sabual
40 ddJuedLjLubLs bL143s0d A1111qeded aunuwl F{RYD O4ILA UL
30 uoLjenieAd pL jybL1y3sod asuodsau Jsuodsad aunw 42{n| 132 Jo |@ S$33Kd0ydwkl
Wat4 "9{qRUOARY auoN Kazwyy qe s sAep [-€ | umoujun (uMoOujup |paseaudagl-wi 03 ddueas|dy { A3Lubazul 30 asuodsay
asuodsad
a4n3 (Nd
SAep ulL Pa43A0IAU | euAOU (o431A LU IR
s3suodsaa [eunou £1593 uL) sabusal ~3sod pue
Ing ‘umopyseids YHd 03] =leyd 03 puods | (O43LA UL) a4d (043LA
e dsuodsau yl asuodsau -84 03 A1L(tq Arunuey | uL) “sasueds
a|qeuorysand uoLILAINN Kazwiy qelfys skep /-¢ v/N v/N paonpay| -eded sauansesy JB(N 139 -3J4 QUNML]
*Adedaysy
|OS1340D pue
ainsodxa seb oLx03
Aq pastwoadwod souelsgns
Wwaq 3Aey Aew 3S3) uSLa404 03 LULIN Y
*paJeadde ssad0ud £A3A02 310034 03 asuodsau f3sod pue -aad| (A3Lunumy
25e3sSLp Ou oSy LS -a4 3sod ALLge ut sunuut wa3sAs aunw!{ aeinyaj)
*a|geuorysan duop LLaMsLu) disy sAep g Ag v/N ¥/N | @seaudaq 1533 O43LA U] {40 Aoenbapy | -wi ae(n{(a)jAbotouniw] °¢
WILSAS
¥YINSSYA
-0ICYYd '3
SISONDOYJ NOILVYOIIWY |3ONIY343¥| VIVA | AYIA0D3Y [NOILYING | LASNO | 1iINS3y JININILYA 3AILD3r80 | INZWIYNSVIW | ININOJHOD
IVYINID /¥Vi3LSAS

LHOITd 3OVdS OL SISNOMSIY NVANH 40 AYOLNIANI

21



u13304d
9AL3ORIA-)
SwAzosk
sutLajouad 4011qLYuL
euseld ui 35248153-)
sabueyd cwmum;n
JuBdLiLU -09A15 pL2e
vl _=Bis oN - 1 eudty
" Kazwiy qethys ¥/N Y/N Y/N| v 9eLAS $3E S403024
sutajoad juaw2pduwe
ewseld ut utgoboudew
sabueyd - 2 eydiy
JURILILU ursdAay
»l -bLs Oy -owAyd13ue
0 Aozwiy qelAys ¥/N V/N v/N| € GeLANS - 1 eydly
J403Lgiyut
JubL L4 uLsdiug
t1sod swAz ;
Z0sk| uL -eyd{e-4ajug
41 Y6114 [seseaudur :_mamLWTWMM_q
" Kozwry qe{iys| syeem 2 umouun | -3s0d| Z 9ELAS urwse(doLnas)
JWETGRER] ULAJIJSURL]
uo g¢) ut ULX3CCWIH
E1-ENRET] urqobozday
12! JubL LS uLing ' EAld
" Kazwiy qelAyS| sSyIemM 2 umowjun | umouun| Z GRS (381
sut1nqo|B ST ot
ounuat ut v
sabueyd suLncolb
JuedL Ly -ouruay
At -Bis oN urLngob
n AazuLy qeLAxS Y/N ¥/N v/N| 2 qelfys uLLngoL5
suuaiqed -2 eydiy
or3aaoyd utung |y
puodsaua 03 -04323{9 A3 Lunueut su1al
Aioedes ur sabueyd 40 A313 ui juezdoduy -oud (2301
40U ssaussajybiom -uenb ut | sauo A[|etoadsa %}
01 3np we3sAs sabueyd ‘suoi3oedy | ~tunuuL (e JYdLLd
aunuwy [ eJaouwny JURDLILU uiajcad pue | -sowny pue 2s0d ‘ut
uL sabueyd asLosaxa bl -61S ON jsuta3oad jo Juduw sLse3}s ‘a4d suial
ON '9|qe40ARy ‘uoL3ILA3NN AazwLy qeAys v/N ¥/N ¥Y/N| 7 QelAYS | -2anseaw 20941Q ~03WOH -o4d Twseld | -103ewey
W3LSAS
¥YIRISYA
-013zY0 '8
SiISONDCYd NOILVYOIT3NWY ERLER-EEER viva AY3IAODIY INOILYYNA | L3SNO | 11NS3Y JONIANILY 2 SAILD3IFE0 | AINIWIYNSYI | INSNGLVOD
IVAHINID /¥i3LSAS

1HOIMd 3DVdS OL SISNOdSIY MYWNH 4O AYOLNIANI

22




(sLt39

paJd 3AL30339p
pue J3pic jo
LRAOLRS UCy
pue sJ4031224 (wa3sAs
aurwt 4¢4 | |eLiBY3
304n0S 2{CLS ! ~CPUI-0{

*Pa43A0ISLp uoLl -sod ce 3d3s | -ndL12y)
-epeabap ou fysns -X3 PajEN|EA2 AS5c
S® UOLIBN[RA2 O 30U) QUCH | -10UNR]
WILSAS
YYIRISYA

-0iCc%d °§

SISONDOYd NOILVIOIMIWY |3ON3¥343%]| Vivad | AYIAOD3Y (NOILVNNG | 13ISNO | LINsS3y IONINILYIL SAILD3r80 [ ANSWINASYIN | LNINOSWHOD

TVYINID /WILSAS

LHOITd 20VdS CL SIASNCLS3¥ NVANH 40 AEOLNIANI




*399439 Ledibo
~-0yaAsdoanau uaaedd
Ou sey ssdussa|iybiaM

suotusey Auae|dud

-X2 Ul palpudy duaM
aoeds wouy AU3A03

-34 pue ‘(e[ {a4quin (Aa3st
qelA%S) uoL3oNAIsuoJ -wayoolg sasuodsad
soeds ‘uorjesojdxa pug B Wa3sAS $53435
Buipue] Jeuny Buiyoop AuLLd0pU3 1A
‘BuryeM 2oeds se yong oste 2a9s) aoeds URLEROULD
S90UL48dXd MBU pud Jusu JURWUOLA LAUB UL SSRU3S “anBiyey
2u2p19952 ¢1 o} [ody -dLedut ssajaubia  “ooeds ul .coﬁmcmm
Se YyoNs $3JURQGUn)) £S A3iiGede] »uw_wnmamuuﬁmupmo~0pmmma
-SLp Auy “3|qesoaey QUON A03S3d Le43udy v/N v/ Y/N ¥ f40iARydg . -mg:mz ajoum © sy
s mwmmme sajeds e
. M 431440 2 2
m>_ummwmmowEWWﬂwuwa> Fm»mx sAep 11| 2° 3S40M ummeL £3LAL300 O13943 p;nmm pgmwpw
-01p4e) *9|qeJoARy v/N  uosuyop quLAYS] uLy3 LM jInoybnoay) -1990y] -eduks sajeneAd|  I13SL{OH| 3sod ‘up ‘Bug dlwouRny
* AOWALY
uts J
SeM 3U4dY [
*aabuo by
*sisouboud @ 4 pag Yy 3sod pue 3ud
‘pajedioLue se ‘spoLuad uotL3onp ‘uotyexe|ad
eep 49yl0 caansod| (13Ad] BULX0JAYY paudjLcyy  -uod dudu but % potuad
-X3 21x03 AQ pasned| 03 pajelad SL Ju 81 peY -pn|oul SJUSWI|3| JUBWIANSRIW | XS {434 UCPUDI
u93q aAey Aew Jowdujfasnsesw SLyl) aucy| pJaeydsng disy umouyun Y/N Y/N usw cM]| |eA3A3S SIANSRI| ALY XD SaL1L1Yoy|12494dLadd
*sisoufouad a|qedoAey
-un pajsabbns oy b v:L
*3uiiaseq Huwodsq £ qeLAyg uot3onp jubiyj3sod
940399 A43A0034 40 Aaano0d3u uL suty  -uod dAAdU Dul *gad SeX3is
yjuow ay3 buranp pd 2 -3s0d paonpaJ| -pnoul S3udWs|d| Juswaansesu -34 uCpudl
-uay3bua| sawi) Xxaysay v/N Ja3xyeg qefyg sAep 1¢ Ag - - | A|Lea2udg |e4dnaS Sdunseay| awty xajyay sa|LyoylLEsdudLaad
J2u00s saeadde 1L wexb02ydasud
pue daa|s W3Y 240w Sl daa(s -0432319 4q
2a2u1 poitsad ubLiy Ge 30 Aoenbape Aoznbape pue
-3s0d ul ¢a|qeaoaey paaLnbay duoN 35044 qe LAY Vv/N ¥/N v/N| 93enbapy sdjeneAy 21151 {OH ssdhy daays {ea3ua)
S| eLJy
"awty Y3jm dAcuadwt M3} 4339 CRIT-HETJ 3ybiy3asod
07 SSNUL3ju0d 3due 1€ pallenb -J43d [eacliAey ‘ut ‘aud 3oue
-wJaojaad ¢a|qedoaey v/N sLany qefyg Vv/N V/N V/N| ®aupiase -3q Sdjen|eA3 OL3SLIOH| -u04a3d As52ji {eJ3ua)
W3LSAS
sneryzk t)
SISONDOYd NOILYYOIM3IWY {3ION3Y343d| VIVa | A¥IA0OD3IY [NOILVING| LISNO | 1INS3d JONINILYIL JALLDZrE0 | INIWIUNSYIN | LNINOZWOD
TVYINID /H2L3AS

LHOITd 3DVdAS OL SISNOLSZY NVWNH 40 AYOLNIANI

24




*279

[€EICLLTRETEY abued ‘auanyeaadwsl
euse{d 9as) -a3enbape Lewaou 2ood ¢20d *pd
SL S40SUIS 3SAYZ 3d uLyatm SJA0SUdS| ‘BUWN|OA PoOOLQ
A31AL3LSUSS 3yl ey Aiyensn 1043U0D 21301 [RAIISLA JO  “3L4D01®WaY SJA0SU3 S
saeadde 31 ‘9|qesoAed Y/N SNOLJBA Le4duay patJep pataepl patdep| sabuey) -03WOY JO 3J4Rg BIUBWAOFABJPANSSSAd pOCig 43410 ‘¢
¥s
*f3tnoe ui sabueyd Kaaag 3AL3e3Llenb
ou 3ng sabueyd €5 Lewaou A{ensn (yonoy
LLews ¢ajqeacaef Y/N | A03S34d Lesauay Y/N v/N v/N|AL1ed2usy JL3SL{OH OLISLIOH ‘uotiounyg ‘a3se?
‘leuws
‘Butueay
ALuo 3ybL1y [ “3ubts)
3sod pue 3dud suebip
PaJdan0dSLp 30U 0¢ ejep -§3583 3234lLp asuag
A13uasedde uotjepeabag) paainbaa auoN| Aysuppaoy qelAxys v/N v/N V/N[3924Lp ON 1351 LOH O13SLIOH| 9tj109ds oON {etosds °2
votsstu 3sod
sfep 11 Aq 232 dwod uotaouny 3ybeis3sod
St uotgeziuebuoad $e UBWaLNS paW A3L1Lq JdR|NQL3SAA] JuBWSSISSe| wnLaqL]inbe
leanaN  °9|qeJoAR| paJd340 SUON 349 LWOKH qelANS | IubL1$1504 v/N V/N -e3suj sajenieA3l JeinqL3sap {eanysod Hegrgrisap 1
R MNI0TOISAKd
-Cin3N ‘g
SISONDOYd NOILVIOINT3IWY FONIY343Y viva AYZAOD3Y [NOILVYENGA | L3SNO | 1INS3y 3ON3NILY3d IAILD3ME0 [ INIWIUNSYIW | ININOLWOD
: IVUINID | /Vi3LSAS

1HOITd IDVdS OL SISNOdSIY NYWNH 40 AYOLNIANI

25



_
‘bulgestp jou
a4e yoLym eudwoudyd
X3|434 [BUWIOU 3uE 3ubL{4 ut
puiyejos 40 buruany pasuaL SUOL3®ILPUL
0 asuas as|ej pue -43dxa as|es pue
uoL3ow 40 suolsnj £9 ajeip | Aljusnb souewa0la9d suoLsn{[t
-1l 3y} ‘3|qedoAeq v/N 191qheuag qeA¥S |IudL143504 {3noybnouayy [ -suw] -a44 | sesuodsad x3a[43y | 4B[NQLISAA| JO IJUBSAUY
53593
A SAL13BD0A
-04d 3no
1@ LM ADLS aJnsodxa
Jwed3q ssa|3ybiam
€9 sAep| 23eip [Qneuosjse 30 3nsdy
sbnug {atgheuy qeAs [ sAep £ Ag L 03 £| -aum] oAL4 " e Sse puy
6L
uL oM
*JubLLs 1 3Incqe
350d %23M JUO ULYILM LL3un
pautrebaa sem pue h4e3s jou
*aoeds ui 0s 40 SAep PLp yoLym
[ 493j® 3SO[ SeM A3L SUOL1Lp
-11GL3daosns ssauydts by ~u0d 3593
sAep () uoi3dadxa 3uo -3s50d )3oM Jagpun $3593
UaLlM SsAep G-¢ uL snod auo 3noge DoLS au0d aAL3ed0n0ad
~URJUOLS SBM AUDA0D3U 49340 350] -3q jou 30 3|Nsad
£5INRUOAISE G YILM com ssau PP ¥ ¥ € 3O1S uoL3ow|se SSAUYILS JubtLiy
PaUUNII0 SSBUYILS SNOS £9 DOLS uoLjow ‘2 qeliNs awod3q 03 Ad| uoLjqu jo ut ssau
-uejuods ¢a(qe3daddy sbnug {91qheuy qe|AYS P2 A3tunww] |3NOYLBNOAYL ¥/N | 30 smau) | -uapuaj saunseal| I2USpLIUI| -AILS UOLIOW
uoily
~B3UILIO
Leuot3udA ybiys3soc
-u0d ut ‘ur ‘aud A3t
*SPLOJPULLG FNOYILM SL 3eas pap0J -{®IL343A pue
4N220 30U pLp PapLos ssajun -put|q ‘pajeas UCL2234ip }0O
-putiq 21Lym apew £9 sautod 311YM JUSLIO 03| IDUBWAOILRD uotycaouad
S40443 *@|qEAOARY v/N (2tqhean | qelAYS v/N {3noybnoayy Y/N |pa4313025 | A1L|1Ge S2unsedyil JB|NQLISAA| PePLOsDULLE
*6-oud2z A3LALY A3aLa ‘3143504 ‘ut
uL J43j3weaed SLy3l ut €9 -1Suas jo -LSU3S Jty3L[}aduewroiaad i*aud .:owmuﬁ_w
25ueyd ou ‘3a|qe.oAey ¥/N l21gheuy qeAys v¥/N |anoySnoayl ¥/N| Sso| oy -010 saJnseay| Je[nqilsap {eafboinzg luengLasap
r AI07CISAHd
-ounst g
SISONDO¥d NOILVYOITSWY JONIY34IY viva AYIAO0D3IY |NOILVYNG | LISNO | 1INS3y IDON3INILY3d JALLDZCSO { ANIWIVNSVYIW | ININCHN0D
TVHINGD WILSAS
LIHO 4 3DVdS OL SISNOLSIY NVWNH 40 AMOLNIAN!

26




*(saidues
aulJdn) upi3audx3 ShA(0430313 Hue Idue|Rq|43EM owﬁm ¢(sajdwps pooiq) sjuanztisuod rwse|d |30 uoijeinbas

UL wasAs A40334pxd ay3 40 gasuodsad 3yl 393U UdLUM Aupsiwsysolg paLILIYd sydeabeaed ayy osie 39S

*3|qeaones . RaupLy 4013 e43U3dU0D
25ua3adwod 103edLpuUl uo spuadap aut4n u:@WFw
Adeulan *3|qRJ0AR} b4 Aoupasuod uoll 1sod *eud
9oud32dwod A403949X3 v/N UOpaYM qefys v/N v/N V/N | Fue3ISu0) =349%Xd ANOY~-y2 {013 LISOBUWOH auLuLlesa)
AJ9A023U
-3so0d
paseasd
-9p anq UO13243U3OUOD
UR3SU0D UoOL}BUIXD ewse|d bty
A1 tqeded AileLs uo spuad 1s0d ‘uiL ‘aud
S3L Sule3ad walsAs 02 qybL133sod -U3SSd -3p Adue3suod ‘uabouilu
AA03849%3 ‘@[qeUOAR] v/N yoeal qeiys sfep i< v/N V/N | pauteuay |9A3]| 'wse|d|01303SOBUIOH eaJun pooig
- W3LSAS
AJOLIINT °3
SISONDOYd NOILVHOINIZWY |[3IDN3¥I4ZY| VIVG | AYIA0DIIY (NOILLVING | LISNO | 1INS3Y ION3NILY3d IAILDIr80 | INIWIYNSYIW ] LININOLINOD
IVYINID /W3ALIAS

LHOITd IOVAS OL SISNOMSIY NYWNH 40 AHYOLNIANI

27




ws | {0qe3aw

UL3104¢
pue pLo2
KagsiwayooLg 3ag RPIETELIY pLoy dLan
wst|ogeiay
Aa3siwayoolg 999 ULII04g NOS
ws L ogeIaw
Kagsiwaysolyg 339 Je4j S3pL43df|bLal
wsL|ogey
pa12932p Sem AdudLoLy Aa3siwayoorg 939 3R3|  |O431S3LOY)
~-3p |RUOLILAINU ON
‘paseasosp Alensn
‘padueys A3ybL|s wsLoqejxu
ALuo sy 3ybiay 02 ajeJp
‘Lewaou st sabuny yoea Ka3swayoolg asg -Ayoque) ascon|g
*S403084
[euoL3tagnu-uou Aq
pasned aJde sabueyd Bul
snaoydsoyd pue ~31WOA ¥
wniojed ‘uabos3iN easneu |e buraq uorjenpead
*pasned JusUUOJLAUD -UoLSeI20 -1l3m 40 uoL3 LeaLpauw
9J4e se]qoaqd °snodu 3desoxa]| ~ngerd fs|edaul sn|d adsueleq
-euods s} 430034 o€ JubLs sfep G | uoL3uas| sbuipuiy 40 A[33143 jno-pue-ul
tsisouboud 3|qesoaey ¥/N| Ajysuipdoy qelAis Butang 03 0437 (ui uodn | ewaoN SJUBWAANS eIy OLISLIOH| [euOLILAINY
W3LSAS
JAILS3IT 4
SISONDOYd NOILVYOITIWY | IDON3Y3d43y viva AYIA0I3Y |NOILYING | 13SNO | L1INS3IY JON3NILY3d JAILD3r80 | AINIWIUNSYIW | LININOIWOD
TVY3INID /HW3ILSAS

LHOITd IDVdS OL SISNOJSIY NYINNH 40 AYOLNIANI

28




(puewap
uabAxo utey
-493 ® 2VILA

-o04d 03 Auaes
-$373u uotlle}
-13U3A Buny)

%0pz 20 3 &

*pasiedut
-un sy Jojaweded uaatb eyep saseadn
leuoi3ouny Aseu S afedaA ~uL |2 AoUdLIL 440 uoL3ouny| » AdUILIL}HS
*3lqeqoAey | -owind syl “v/N L3YO LW qells v/N :owmmwm V/N| -uotsesd) fun| sauansesy Aaeuowng AJeuowind
*ybLLs
*3ySL14 ul dsuodsau ut A3rpLqeded asuodsau ubts uL
asiLo4axa 9ded jou 9S1043Xd L] 3SLoudXY sJo39weaed | A3iLqeded ybLis ut
S0p uotjedtdsay | 3Jou pip uorzouny [ Maud funi jo juau 89S L249XI A311tqeded
*d{qeJoAe, Aaeuouing “y/N L9YO LW qelhys Y/N v/N Y/N pewiopy| =sansesu 3 2341Q MaU3 s 1ouax3
*3S1049%d
INOYJLM UDAY
paainbaus auanseaw
*p34und20 | -433unod ou sdey
uotaouny Adeuowind | -aad ¢sjybiiy ut
Ul JUSWIUO3p | pautejutew |dAI}
juedtLubLs astouaxa ybry paseaudsp sadjdweded £31oeded
A11eoLbojotsAyd | papraoad paainbou b 346 43s0d qubtis A31oeced funy jo juaw uoLoungi [e3LA JybLs uoi3oung
ON °3{GeJoArd | sunsesuwssjunod oy utmes qeihys| sanoy g>|3noybnouayyl A(ae; le3LA| -danseaw 3d241Q Kavuowng; 150d ‘ul ‘aug| Aieucuind
W3LSAS
AG0L
-¥514S3E 9
SISONDOUd "NOILYYOIT3WY [3DONZ¥343¥| ViIVA | AYIAO0I3IY |NOILYYNG | L3ISNO | 1INS3Y IONINILYI mbhwwwmmw INIWIYNSVYIW Fmemmxmu
JYINT /HIL3A

LHO1d IDVdS OL SASNOJSZY NVWNH 40 AYOCLNIANI

29



‘uola

-u3jad pinis
03 9OUIL.3d
leLo3ds yiim
AboorsAyd
UC SS3USSIY
-qybism 30
S32T;45 219

-1535Ca0 Apn3s
03 D2397p waysAs
-U0d Salpnis 9ALG
1] 3S84-p2U | -2NDOULIL
Jaatpues 3¢30%3 3uoy 9| owdy
*s3ybily tupway
Ui SLRULAN JBIM
-3Ue3su0d Aq pasned
UOL3RILULL | RAYIIAN
pue sj3tjeisoad.| U043 uoLeULWEXD
aAL3sabuod 3dasxa -sodpue 3daox3 {eo1sAyd wasAs
uaaLb sbuipuiy ou o€ [ENENERGES-ET 2ubL 13 {dAL3dnpoud
f31qeaoaey A1juaseddy Y/N| A¥Sulpuoy qelhys v/N V/N V/N! ejep ON| oOu fuotjenjea3 J13SL{OH 3500 ‘dud | -4 3jwy
W31SAS
AL
=oNQ0¥C3Y “H
SISONDOYd NOILVYOITIWY FONIYI43Y viva AYIAO0DIY [NOLLVING | LISNO | 1INS3y¥ FDNINILY3d JAILI3rg0 ! AINIWIYNSYIW | LININOIHOD
- IVYINID /WILSAS

LHOIMd IDVHS O1 SISNCJSIYU NVWNH 40 AYOLNIANI




uoljezi|
~-2J3ULWAp
3uoqg os|e
uorjezty ‘quawsnl
FWETY RN -pddULWAP duoq | ~-pe dL3els
S9ALILPPR 02 1s0d sAep os|e ‘3dueieq -oawoy 40
papaeny SUOLILAINN yoeai qelis Le42AS |3noybnoay) [ A4el | pa3eAdL] a3fo43o213 | uotleinbay snaoydsoyd
juauysni
Ka9A0284 -pe O13e3S
02 1sed - aoueleq -03woy 30
*pasod 3ea4y3 ON v/N yoea gelAys | sysam oml3noybnoayyl Al4e3 lpaseaadag 21410439913 | uolje|ntay apLaoiy)
uotjezil
~-2A3U LW3P
auog oste
uotzeziy ¢quswasnl
SaUOWAOY Aa3A0234 -pJaULWSP JUOJ | -pe 213e3S
tuoLjtasnu 02 3sod sAep osie ¢9oueleq -03woy 10
papaeny €SIALILPDY yoseal qe|fis {edaAas|gnoybnoayl} A(ae3| pajeadll 21Kk10432213 | uoitje(nbay untote)
juawysnl
KABA0IRU -pe o13e31s
uoljtainu 02 1sed apduwes| A4aA094 pajeAs|® aoueieq -g3uwoy 40
*pasod 3es4y3 ON $SaALILPPY yoea qeifys | pooiq auQ yonoayr] Agaea| ALaybiis 93416439313 | uolje[nbay Ln1sse10d
Juawasnt
AX3n0294 -pe oL3e1s
02 asod| Auda0084 aoue|eq -02woy 40
*pasod jeauay3 ON v/N yoea1 qelA%S | SMosm oML ybnoay]| A(4e3|pasesauddq 91A10430213 | uorzeinbay wn{pos
A3L11qe3s
paseasdsp uLqolbowsy
0¢ 0l £Al|eLo3dsa uLgna
*pasod 3e34Yy3 ON v/N yoeai qeihys umouxun V/N Y/N| @1qetaep ‘apdi3tny| ~LLiq LB30L
AJa3A0D paseaudd
02 -a4 3sod -uL usyl so[duwes
*pasod 3e34Yy3 ON v/N yoea qelfys syom g€ V/N Y/N [paseasd3q S1303S03UOH Ha1 ucmw_m
350
Kaano0o9s g auad
0e 4924¥ fUiNUDS
*pasod 3e34y3 ON Y/N yoea qelAys umouun v/N Y/N [peseaudu] $13©3509UCH Ndd) | B ewseld
peoig
AYLSI
~W31I019 "1
SISONDOYd NOILLVHOITIWY | IDNI¥343¥| VYiva | AYIA0D3H |[NOLLYINA | L3ISNO | 1INS3Y 3IDON3INILYI JAILD3rg0 | INSWIYNSYIW | ININOLVOD
RL2EHED) /VALSAS

L1HOI1Td IOVAS OL SISNOLSTIY NVWNH JO AYOLNIANI

31



wsi10q

-p33u UL3}
-04C ‘udLy
LWETNLEN] -duny {eudJ
02 1sod puR UdAL| uaboujtu
*pasod 3eady3 oN Y/N yoeaq qe{hys umouyun vY/N Y/N [paseaddsg fucLyedpAy e3aun pooig
K43A0d A43A0D
02 -84 3sod -394 Uo ws|joqeia
*pasod jeauayy oN V/N yoea qelhys syaam 2> ¥/N ¥/N |paseausu] je4!sapLuaddfibray
Aep
FWET Yok AA3A0294
02 -34 3sod uo 3dadx2 wsy|oGeyduw
*pasod 3easy3 oN v/N yoea qeAys SHIIM 2> v/N V/N |paseaadsg 3e4{ 10433S3[0Y)
WETYb)
0z -34 3sod
‘pasod jeaay3 oN Y/N yoea qe|fys SHIIM 2> v/N v/N |pasesudsq S1SB3SO3MWOH wngsavbey
A43A00
02 umMoudun -ad4 3sod
*pasod jeaayy oy V/N yoeay qeiAys SYIIM ¢ v/N V/N [paseasdsq S LSPISORWOH ulwngly
Aa3n0d Aa3n00
02 -84 3sod -a4 1e wstoqgeysu
‘pasod 3easy3 ON v/N yoead qelhys SYIBM 2> v/N V/N |paseaudug pleapAyogae) 9500119
AABA 0234
02 1sod aydues Po31RAS3 | SUOLIRUIUIIUOD uoi3ouny
*pasod 3eaayy oy v/N yoea qelAys| poo(q aug|inoybnouayll Ajaez| K|pensp 93L{oqelay LeuaJpy L0S1340)
K43A0234 aoueizq
02 3sod A31AL300 jeouddpe | 334104303(2
‘pasod qea4yl ON v/N yoraT qeAdS | s¥aam om]|anoybnoayi| A(ae3l [pasesussg 30 403e|nbay pue pLni4 HLOY
aoueeq sajaues
pPLnis csie WeL4
fquausnl 3s50d
-pe dL3e3s pue auad
02 I WEYY LN -oawcy jo ‘wnJaas §
*pasod jeaay3 oN V/N yoea qefys 3s50d| 3noybnoayi| Aj4e3j paonpay aoueleq pini4 | uorj2|nbay A3LeousQ auseld
poolg3
AiSi
“W3K20I8 °1
SISONDOYd NOILVYOITIWY 2ONIYI4TY viva AY3A0D3IY |NOLLVYNA | L3SNO | 1Insy FONSNILY3d FAILDIrr80 | INIWIYNSVYIW | ANSHOZWOD
TYHINID /NZLSAS

LHOIMA IDVHS OL SISNCASIY NYWNH 40 AVOLNIANI




UBWMALD wsLjogelsu
92 oM} UL furag-{|13M 931324p
auop yoed d1sy sfAep 82> Y/N | pasesudsg| 40 UOLIEN[EAZ -fyoque) 2s0on{y
ULIMIAD
92 oM} U} BuiLaqg-{ oM wst{og
QUON yoea 4d1sy sAep gz < ¥/N | pasesudsd| 40 uoi3enieAl -p3alt o4 IS9P LAk [6Lay
USLMALD
97 oM} ut Bureq-|am
2uoN yoea disy skep g2¢ v/N | paseasoul] 340 uolleN|eA] |SLSEISOSWOH apL4OLUI
USWMAAD
92 oM} Ul Bursqg-|am
BUON yoea dLsy sfkep 82> ¥/N | paseauou]{ 40 uorjen|eA3 |SLSeISOSWOH wnysse3cd
UUMDAD
92 234Y1 Ul Buiaq-{am
AUON yoea d1sy sAep gz< ¥/N | poseaussq| 40 uotjen|eAl (SLS}SOSUWOH wnLpos
* £ 43A0234 UBLMBUD
futanp s .eb OLx0} 92 oM} Ul Butaq-1 oM
03 S3nuuo4lse jo AUON yoea dlsy sAep 82> v/N | paseausag| 40 uotjen{enl |SiSeISOUOH £31ae100S0 i
aanscdxa L uJd3jhdApRUL ybLis
£q poasiwosdwod uddq UML) 1s0d pue
aavy Aew s3nsay 92 294y3 ut Bursg-1 oM fantur | aseusBouphy |aad wnass
¢sisocubouad uLezaasun BUON yoea d1sy sAep gz2< y/N | paseadou]| jo uoL1En{PA3 $$S3aULS -3p 213907 pocig
0¢
‘pasod 3eauyy OoN v/N yoea qelAys ¥/N ¥/N ¥/N | @bueyd oN S15e}S03WOH 103S
AJABA0D A43A0934
A -34 3sod asod as21eydsoyd
*pasod jeauy3y oN ¥/N yseaT qelAys S)o3M ¢> v/N /N padnpay S1Se3S03UDH auLieniy
Ka3A0094 A4BA0D
02 1sod sAep 24 U0 utazoud
© wsod 3eaqyl oy V/N yoea qeiiys 2401 v/N v/N | paseauou] S 1523 S03UWOH {e3oL duros
so|cue
ws L | 0qeau ubLLs
autund awom
Aa8A023U g utajoud pue aJ
02 égmwwm 1s0d ‘uot3ouny ‘unaos 3
*pasod 3e34y3 ON v/IN yoea qelAYs S)IIM 2> v/N ¥/N | paseadoag Leusy pLoe JL4f BUSPig
pcotg
REiST
“WI2HD018 I
SISONDOYd NOILVEOIMINY |3DNIu343d| VIva | A¥IA0DIY [NOILVYNG | L2SNO | 1INS3H JONINILY IS JAILDIrS0 | INIWIUNSYIW | ININGSi0D
AVY3INID /VITLSAS
IHOITd IDVAS OL SISNOJSIN MYINH 40 AYOLNIANI

33



UBM3U

A 92 J34y3 u Sulag-|{sM | uoLIoNAISSP utqnuaLiLg
Y, yoeaq dlsy sfep Q¢ Y/N| pesesud3q  jo uoijenieA3 | ulqolfoudy [e301
UBLNDUT
auo ul
paseasoap
92 €2UO0 Uj buieg-| (oM | (auoq °ds?)
duoN yoeal dLsy skep 82> V/N| P9SBa4OU]  JO uUOL3BN|RAJ | SLSRISCIWOY ajeydsoyq
UBWM U]
92 U0 uY Butag-11em | (sucqg -dsa)
UON yoea dlsy sAep 82> V/N{ p9seauda 40 uoLlen|eA3 | SLSRISOSWOH untsaubey
UM L]
92 oMy ul Buiaq-i1am | (suog °dsa)
auoN yoea dLsy sfep gZ¢| Y/N| p9seausu]  jO uoL3enieA3l | SLSP}SOBWOH wntote)
UUMIIJ (48AL))
92 oMl ul Buiag-[|am AanCuri asejeydsoud
Juop yoeay disy sAkep gz> V/N| paseasdus; jo uoLjeniea3 £S53438 suireyly
usuMaA ws1joqejauw
92 oM} uy furag-psm |uLajoud pue
BuoN yosea d1sy sfkep 82> Y/N| paseaudag  JO uoLjenieA3 pLoe dt3[dnN pLOY otun
uWMBU T
az 934Y3 uy burag-y1am | wsioqejsw usaboug Ly
QuUoN yoea disy sAep gz¢ ¥/N| pasesuoul] jo uoLjen|ea3 uLaz044 eaJn poolg
(43AL])
udwMILY Aanfut | aszulwesued}
92 J3ayz uy Butaq- (oM | fwsL{oqe3sw| oLAnuAg oLw
dUON yoea d1sy sAep 8z< Y/N | paseasoujl 40 uoLjen{EA3 uL3304d| -eIN{y wWI4asg
Aunfut aseutue
UMD $sSaU3S -sueaj 213
9¢ 834yl uy Bulag-yam | ‘wsiioqeiaw| -2de{ex) otw
Juoy yoea disy sfep gz< VY/N | paseaudu]l jo uorjzen|ea3 Ul9104d| -e3N|9 WN43S
*AJ3A0234
buranp saseb oLx03
03 Sjneuoujse j0
94NS0dXd JUIFAdApPRUL Jubrid
Aq pastuwoadwod uasq [FETEN e 3sod pue
aary Aew S3|nsad 92 d9a4y3 uy Burag-1am wst| aad unuss
tstsoufoud ulejuasun BUON yoea disy sAep 829 V/N| paseaudaq JO uotjenieAj |-ogejaw 3e4| [0433S3[0Y) poolg
. AdLS?
-W3HI0i8 °I
SISONDOYd NOILVYOIT3WY |3DN3¥343d ) VIVA | AY3IA0D3Y [NOILlvina| L3SNO | 11ns3y JONZNILYId JALLI3rE0 | INIWIYNSYIW | LNINOIWOD
. IVYINID /ASLSAS

LHOITd IDVAS OL SISNOdSIY NVIWNH 40 AYOLNIANI

34




S-N 490043 fwstl
02 uoL3eAd 3| -ogeraw uLdzoud
ajqedoaeq paJLnbaa auoN yoean qeiAs |A4an0294 3y] 2noybnoayy Al4e3 ybL|S|Lot3ouny Aaupl) | SLSEISORMOH autuLyeaU)
(@sea409p paseaudap
02 3ybL13350d) Y614 hubtiyysod souzieq
alqeaoneq paJinbaa auoN yoea qelhys skep g¢| 40 sAep Qg9 A|J4e3{PIsedasdu] 91410432913 | S1SPISOMOH wnisaubey
paseasdsp
02 rubLisasod uoi3ezL]
uo3a13Ys 83§ uo3a|axs 89S yoea qefis skep 9 <|anoybnoayyl A(ae3fpesesdou]| -BISULWSP suog | S1Se3S03UOH a3eydsoyd
uoLlezt {eAduLWIPp
auoq <uoL3duny
02 a|osnw ¢sdueleq
uo3a|3Ys 99S uo3213s 33S yoea qe1fis skep 9 <| anoybnoayy  A4e3|pasessou] 9340432913 | SLSPISOBMWOH wnis|e)
paseausap
02 bt 143500
a|qesoARy paJLnbas uoN yoean qetfys| @9jeipauuy| anoybnoayy K1ae3[paseasdu] soueleq pLni4 | SLSLISOAIOH AiLielousQ
0¢
dlqeJoaey paainbaa suoN yoea qefis skep ¢1< 3noybnouayy] AL4e3 ﬁ S1$®3S03U0H 3pLAoLy)
uoLouny
0¢ alosnu ¢3dueleq
afqesoAey paatnbaa duoy yoea qeiiys sfep gr¢| anoybnoayy  A{4e3l 91410430913 | SLSRISOIUOH, wn1sse3cd
bLisasod
sAep 09
0¢ 40) 3daoxd aoueijeq
a|qea0ARy paainbaa auoN yoea qeifys skep 81<| anoybnoayy| A[4e3| pajeadij 93410430913 | SLS©ISOBWOY wnipos mmmﬁaEmM
bLiyiso
QuL|aseq ‘ut “aad
uayy ‘skep ‘sishiey
02 g 4C § SuLan
9| qeaoAey paatnbaua auoN Yyo297 qeifis Y/N - Y/N|paseassag aouejeq pinid4 | SLSPISOBWOH wWn [OA JNCU-pZ
*A13A0234 USWMRAD
futanp s3se3 dLX03 92 oM] ut fuLag-|1am Aanfut} aseutyoydsoud
03 Ssjneuos}se 3o uoN yoeay d1sy skep 82> y¥/N|paseaucag 40 uoLjen|eA3 £359435 3A13E34)
aunsodxa JudIABApRUL bl
Kq posiwoadwod ua3q UBUIMRAD wstogeiaw asod pue
aaey Aew S3Lnsad 92 299443 Ul futag-1am u1a1o4c 24d WnJes
¢sisoubodd uLezaddun auoN yoeaT 418y sfkep g2« Y/N|paseaacul 0 UOL3BN|BAT | SLSRISOJWIOH autuijean) pooLg
‘1
SISONDOYd NOILVHOITIWY |3JNJ¥343d| Viva | A¥3A0D3Y [NOLLV¥NQ| L3ISNO | LINSIY SONINILYE m»“»Uummo INBVSYNSYIN | INZHO4700
YYINIS /WILIAS

LHOI4 3DVdS OL SISNOdS3Y NYWNH 40 AYOLNIANI

35



UBWMAAD (uota
y y oM} UL -e314191e29Q)
4 A A A uLe349Un ﬁ ﬁ REELENREY " A a3eydsoyd
URLMIAD
U0 Ul s1se1s
pasesdoul | -oswoy JO Soueu
fSUO UL | -2jULlRW JO Judw
;7 P9SPaLD9Qq | ~2uNSRBU 3234LG wnisaubey
UBLIMALD (uoty
oM} ulL -BOL}121ed3(])
PER-ENGIT] A wnt1e)
A SpLATIU)
un{sses; 04
USUWMIAD
oM} ui
sAep gz < RERLERBE| wnLpos
sAep 82 » A3tpelowsQ
*A43A0284 - S15©3SO3UWOH 49 d§
Burunp saseb aixoz
01 S3neucu43ise Jo URWMBUD
24nsodxa JusjJaApeUL 3U0 ut sLse3s
Aq pastwoadwod usaq paseaddout | -o3woy 40 adueu
aaey Aew s3{nssd 92 £9U0 Ul | -djulew JO Jusw auwn oA
¢sisouboud utejaaoun ENY] yoea dLsy - V/N Y/N [paS®O429( | -d4nseaw 39841(Q | S1SLISOMWOY AN0Y-47
bybLiy3sod
psonpau
6Ly uL uotjepeubap A31i1qe3s
Paseaddu] UL33044 uabe {03 jauLsAAx04phY s3|dwes
46 143s0d
3ybL4 ‘uL fs.c
-350d wsty ‘stsfzup
02 pue uL | -oqejaw sutJnd sULAN
91qeJoAR4 p34aLnbaa auoy youdT qelAys shep 9 < [anoybnouyt; Aael| <paonpay | uorzouny jeusy S 1Se3SOSWOH pLoy o AnCy-42
. PRFE
SISONDOY¥J NOILYYOITIANY | 30NIVI=ZIY] VvIVa | AYIAOISY |NOILVYNNG kmmzom 1Inc3y FININILY¥Id 2AILZ3rEC | INTNIENSYS
TYHINED

1HOITd 3DVdS OL S3ISNOASIY NVVIH 40 AMOLNIANI

36




37

USWMBLD A3LAL3oe
A A A ﬁ A A | sauyg uL uabe| (03
sfep 82> paseadou] 40 40300{pU] ;ﬁ 3uLsA1AX0UpAH
sisels
USUWMBAD | -OBWOY JO 3DURU
oM1 ut| -ajuLew jo jusu
sfep 82¢ paseaudu] | -adanseaw 323410 uot uaboupAH
UBWMBAI ALLA
oMy ut| -130e udbe|[od autl
uLejuaaoun paseaLou] 40 103001lpUl ~-04dAx04pAH
*Ka3A0234
Buranp saseb d1x03 auLutyess) sotdues
03 S3neuoJ3se j0 aySti2ascd
aJ4nsodxa judj4dApeut sLse1s ‘Ui ‘sud
Aq pasiuosduod usaq -pawoy 40 adueu ‘siskeve
aaey Aew S3{NSaA 92 -gjuLew jo Juaw autun
¢sisouboud uteiaaoun SUoN yoeai d1Sy! sAep g8z< v/N ¥/N |paseausag | -sunseau 302410 | SLSeISOSUOH pLoy otun Jnoy-yz
A€1SI
-W3IHJ0Ig °I
SISONDOYd NOILVEOMAWY |3DON3¥333d| YLva |A¥IACOIN NOWLVING | L3SNO | LINS3Y IONINILYIL SAILD3rSO | INIWIENSYIIN| LNINOIHOD
“ IVYINID /ViBLSAS

L1HOIM4 30VdS 0L SISNOdSTH NVWNH 40 AYOLNIANI




>gm>ou_\

-34 3s0C:
. : oW
02 mpa:mmﬁ 3ALSN (D smwwonm ! -
*pasod 3eaayz oN Y/N yoesq qelAs| poofg auQ| 3noybnoayl; -uodul| 3|qeLABA wnioe)| SUOUIOy3RUEd
KJ43A0D
-24 3sod
02 adues po31eAd]d uoLijouny
‘pasod 3ea4y3 oN V/N yoea qelAyS| poolg aup|znoybnouayrl Apae3z] Ap3ydLis| uotiouny AaupLy faup iy auLuL]e3aUL)
A49A0D *3i43so0d
02 -34 3sod pPOSeaUdUL | SUOLIBUTUIOUOD
*pasod 3e34y3 ON v/N yoes qefyS| Sy2am om]!anoybnoau]| syeam ¢ [paseaddeg 931109e39)y | SLSPISO3MWOH utnsug
A4d3M00 ‘1143s0d
02 -a4 3sod POSPIAILL | SUOLIRUIUDIUOD
*pasod 3e3uy3 ON V/N yoeaT Qe | syo9m oMp| 3noybnoayl! s)a9am Y pasesadsq 231109qe33y ! SLS2ISOBWOH 2s0onyy
A4an00 *3143s0d (uota
02 -a4 3sod SYI3M |pISPaUdLL | ~uIIBL UNLDOS)
*pasod jea4yy ON /N yoea qelAys | syam omp| anoybnouy: OM] £paSeaudd3] |U0LIDUNY |RUIAPY | SLSPISO3WOY! 2U0433SOPlY
doue|eg
02 pajeAa|d |A31LAL30e [eudLpe | 931041232 |
*pasod jesaJayl oy V/N yoea qeLhys LeaaAds| anoybnouyl| Aiae3| Appensy 40 J403einbay pue pin[4!] uLsualoLbuy |
0¢ Sysam z2< 3pLXOLD
*pasod 3esay3 oN V/N yoeay qethys umcudun v/ Y/N{paseaudu] sLsejsoawoy uog4e)
02 paSueuoun ws1{oqeisu
‘pasod 3eauaysz oy Y/N CELER! qelhys V/N Y/N V/N|ALLeaBuRy wntaf=) ¢ uiweltlp
02 pa32333p wsL]oqe3s:
‘pasod 3eauys oN ¥/N yoeas qels umouun Y/N v/N JoN wn1oge) uLuo3 Lo} ey
0¢
*pasod 3eauy3 oN Y/N yoeaT qeliys uMouyuf v/ v/N| elep on S1SR3S03iL0y! BUOU2350353L
0¢
"pasod e3uy3 oN Y/N yse37 qelAys umouyun Y/N Y/N|paseadou] S1S®3SO3WOH HSL
02 ybiLigasod
‘pasod 3easyl oy Y/N yoea qelys| sjyasm z> v/N v/N|paseauour S1S©3S03WOoH BULXOAAY mm_mﬁmm
bty
JWET YN -3sod pue
uL Apaes aad ‘unu2s
02 461 14350d paleAsld (ws ¢ foqe3au) sucudoy | pue euseid
‘pasod 3easy3 ON V/N yoea qetfys| syaam 2 > V/N v/N|‘aLqetaep SLSe3SO3woH| YImoub uewny oco g
SiISONDOYd NOILLVYONM3nyY JON3Y343Y viva AYIACOIY {NOILYYNG ._.mmzo_ 1Ins3y IONINILY3dL JAILD3rg0 | IN3WIYNSYS:
IYEINID

1HO1Td 3DVdS OL SISNOdSIU NVINH 40 AVOLNIANI




BUOWJOH

I3 \
A skep 82 " YMo4g ueny
i
; futzeinruias
- " pLosfyl
S|9AdL
DuLbOOpud JO JudW
- -24nseaw 393410 vl
AUSWSA [OAUL
BULIOOPUd 10 Jusl
- ~34nse3W 393410 axeldn €1
SUOWAOH
Aep 1 " oLuafolsqeLg
shep g2 " ugnsug
sfkep g " QU049 SOP LY
*AI3A0034
fuianp saseb aLxel
03 S3neuouyse jo Aep 1 " 10513409 6 ;
a.ns0dxa JUIFUIApRUL ol w—mumoa
Aq pasiwo4dwod usaq S|9A2] dUL4D pue o¢1
aaey Aew s3insy 92 -0pua 40 3usW ) ewse  d
*stsouboad utezaadUn yoeal sAep 82 -aanseau 32341 | sLseasoswon I uisuajorfuy pooig
sadues
JubLty
uL ‘wna@s
KAadA0234 b
02 1sod SUO0L3RAJUIDUOY | Lorle(nbad aucuoy /pue ewseld
-pasod 3e34y3 ON yoeal syasm omy 931 10qeIa| 5110qe3ay| yamoub uewny £001(4
W315AS
INIYS0CHNI °C
SiSONDOYd NOILV¥OIN3IWY | 3DN3Y¥34TY A¥IA0D3Y IONINILYIG JAILD3MS0 [INIWITNTZIW| INZ 02D
AYEINID /#W3ILEAS

LHO{Td 3DOVdS OL SISNOJSIY NVWAH 40 AVOLNIANI




aiqesoaed

*A48A0034

buiranp saseb 2ix07
03 sineuoulse jo
34ns0dxXd JudIUdApRUL
Aq pasiwoaduod uaaqg
aAey Aew s3nsax
¢sisouboud ugejaasup

paJatnbai auoy

auoy

0¢
ysea

9¢
yoea

qelA%S

dlsy

skep 81«

umouuf

shep gI<

skep gz<

sAkep gz>

sAep gz<

skep gz >

skep 31

¥/N

3noybnouy

v/N

uoLIeA3 @
*3143s0d
$ubL 14 ut
-3504 |paseaudag
S-N “3sod
uotleAa|
pUBINY
ubtly ut
paseaudsq

¥/N

“114750d
pue ut

K|4e3|paseadu]

UBWMIID
[uo ulL
ER LRI
) SoM} Ul
pasea.dag

UBWMILD
394yg utL
pasesdau]

UBUMBAD
Juo ut
paseaudul
SOM1 UL
paseadnag

UALMILD
8uo ut
paseasnap
SoMg uL
paseausuj

UBWMBUD
?84y3 uL
paseaJou]

UBLMAUD
auo ut
paseaunul
fuo uy
paseaudsq

¥/N

A11AL30® [BulJpy

S[9A3]| BULUD
-0pud }0 Judw
-aJnseaw 32241q

S1SPSCIUOK

S1SPISOWOK

outaydauidadoy

aulaydautdy

10S1340)

IUOCWA0Y
J132unipLauy

JU0UI3SOPLY

au taydaurdaaoy

autaydauyidl

10513409

wn | oA
anoy-42

$3{dwes
Jubi(s2s0d
‘ur ‘aud
‘sish{eu
uiun
An0Y-42

sLsAjeue
auLun
Anoy-42

HILSAS

INI¥IOCNT °C

SISONDOOYd

NOILYYOIT3INY

ERLENEEER]

vyiva

A¥3IA0D3Y

NOlLLv¥Nna

13ISNO | 1NnsS3y

3ON3INILY3d

JALLD3rg0
IV ¥INID

INIWINNSVYIN

AININOJWOD
/HWILSAS

LHOITd IDVHS OL SISNOLSIY NVWNH 40 AUYOLNIANI

40




3sod skep
¢ Fue
A \ A A 3ybtsasod 3y5L14 ut aoueleq pinis
A sAep g¢f gnoybnoayy  A(ae3|peseadsy] €934104393(3 A 3U042350P Y
ubLs
sAep 3sod 23e
81« paonp pasnpad ETHHNYH
-34 uayl sAep 3ubLyy ul . J1384n1Lp
FLaan0024 2y] 82 493iv] SAep 82 paonpay aoue|eq pLni4 Ly
SpLO4IIS012Y sedues
qub1143504| anoybnoayyl A{4e3|paseaudu] uCUA3]S0UpUY LT 1¥30L E,m”.iuwmm
ur ‘edd
spLo4@}s0oL | “Sisfteus
02 3ybLsasod] Iy6L14| °3{s3sod (suost3u02) -3402 AXoupfy autJn
*3jqeaoAeq paatnbaus auopN yoea qelAys| sAep g1 ¢ ybnoay | 1504| paonpay L3LALIOR |RUBLPY | SLS@ISOAWCH -(1 L®3C1 4NCY-y¢
SISONDOYd NOILVIOITIWY 3ONIUI4Y viva AYIAODIY | NOILYNNA | LISNO | LINS3Y JONINILIL SALLD3rg0 | INIWIHNSYIW
AVYINID

LHOIHd 30VYdS OL SASNOJS3IY NVINH 20 AYOLNIANI

4



(wo3sAs|aaL3sabip :L S3LJIU3 93S) | UOLILAINN

aoue
*stsouboud -WJa04uad 3ybtys
alqeaoaeq °shAep |¢ JubL s -3sod ‘u:
uL AUsA093u Jedu -1s0d ‘auad ‘suauzo
SAWN{OA 3%043S paJaj|e 3an
paodnpaa pue ¢9oue uoLaonp -sauad ccoiq
3nd3no deLpued aunoa -wa0jadd | -ouad ABasus uy ‘3304 14E3Y
paonpaJs adam | Burienasid ayz 9¢ 3ybtisasod Y5114 bi14| suaajsweded (ed | uorzonpoud €LoL3dLNS [UOLIINECU4
swaqoud jaryy | 40 uotjejuswbny BUdLW] qetAds skep g V/N =1504 | -ur pooy | -LsAyd saunsesy ABaau3f -uod uabhxp AE.Jau3
WSI1G0EV1IZN
9d3n3 A
SISONDOQUYd NOILYYOIM3IWY |3ON3Y343¥| VIVA | AYIAO0DIY |NOLLY¥NA| L3SNO [ Linsay JONINILYI JAILDICE0 | AINIWIHNSYIH | ININGCIAOD
IYH¥3INID /¥ALSAS

L

LHOITd IDVdS OL SISNCHSIY NVWNH 4O AHOLNIANI

42




43

(aansod
-xa seb oix03 Aq
pasiwoucuwod jou e3ep 31q40| woIcws
asayl) °IduewJoy uodnr! Jayzo ou
-43d yIlM 3DUL3Y 9 93eLp fsSAUL NS uotienies?
-J33LL ON 'd[qeJoAey duop [weLssoboILN dISY | uaAtb joN| uaALb JoNj -SUWIIpedY PLLW puLag~L13M {34L4S PLNLI swoyduks
Aaan0d S34LYs
-aa4 1n4 hundy pue pLN{s S¥7RA
404 skep s63| wou pue $-043z p
*But|gestp 30U aJe oy 0g ‘1souw $3sSO| | Uy udoy Apog ut . mww Leue
mpumwwu *3|qea0ARy 8s51943X3 33ILUM qetAysg | wos shep ¢ v/N v/N abuae |sabueyd saunseay w04 Apog| J1433WO03431S
ssauljind
$SIDLOA
leseu
n-:U_.OU._
e Aty S13tys pinid
8¢ uaALb JessaulLng 01 paaelas Af
alqesoaey auoN ULMADN omiAy- i uaaLb joN| uaAaLb 30N 10N peay I-qeqoad swoiduks buLag-( a5 swoldwks
SHIsM 2 2ydepesy 14Lys pintd
6¢ J39A0 430] 0S Jo(‘ssauiini 03 paie[d4 Al
*3lqeJoaed JUON uosqi9 qeLAs - Jadey Mo(s] Aep L peay |-qeqoad swoldwds ;331ys PLnLd swodwks
*329349 3sLem pue
Jeyngiasan alqissod 8% uorsstwj ¢ Aep|sba wouy y34tb jo jusu sjuawbas
404 3daoxa ajqeaoaey JUON uojuaoy | geLfs Kep { |3noybnoay)| su0429 S34LYS | -aunseaw 333410 | 34LYS PLNL {pogq 40 U349
(*A12r0294 YBL L
puranp aansodxa seb skep “say 42
21x03 Aq pasiwoaduiod p oLLng utyaLm
u93q dAvy Aew elep ¢A43A0094 ajea| wuoLIONp
asayy jo uorjuod 42 1sod sanoy 3saybry| -a4 awn Juau
£4aA022y) -3(qesoned SUON 431 430H dISY [6°L 34e3S {snonuiiuojsanoy 9> -[OA Ba| ~aunseaw 309410 | 33LUS PLNL 43416 637
S14IHS
L . [ORE I
SISONDOYd NOILVHOMZWY |3DON3¥343¥| Viva |A¥3IA0D3YU |NOILVY¥NG| L3ISNO | LINS3IH IONINILYIL IA11D3790 | LNIWIUNSYIW | ININCIK0D
: IVHINID /WALSAS

LHOId IDVHS OL SISNOJSIY NVYANH 40 AYOLNIANI




*JU3A3 eyl Aq

PIS LLUOUCHI0D J0U SL
27U3Y *s3aneuodise
dLSY 30 aunsodxa
seb J1x03 a4oieq
aoueiojuad uo
paseq st ejep styy
*SIU3A3 dSPASLp

CN "°9lqesoArd

K13dwoud
paleay [|e 3s0(
WL cu f3|qeUoARy

auoy

pa3sabbns aucy

5S¢
40|Ae}

£e
a0(Aep
0€

AysuLpaoy

qethys

v/

uoLsstuw 39
pus au042g

v/N

patJep

A3 Lunuat

40 JUBWIANS Ty

asuodsas Bul[eay
pue uoL3odSjulL

03 doURISLSaU
30 Juswaunsedy

JUBWIINSRIW
RLGOUD L MAUY

40 @3es pue
' S53UDAL]0D4 5D
J3LALRg ULug

Buyesy

SISONDOY¥d

NOILYYOIT3WY

Viva

AMLACOIY

43SNO

H INFWNIUNASYS

LHOITd IDVES OL SZSNCASIY MVYINH 40 AY

LANIANI




Razued 6¢ )
*aqeqoaey uado u3434d uosqlLy qe s v/N v/N v/N | @3enbapy 213SLUCPaN Koenbapy | 2A1302dS043U]
PUVET
-3J4Lhbau
(*3uapiout Kep /5%
sansodxa seb o1x03 J3d 5% JusuaLLnbad
40 judpuadaput 23ep L1 ‘ayejuL Jusu Jrscled| JuaudALnbad
asayl) -a|qedoney 3UON Y3 Luig dlSvY ¥Y/N ¥/N ¥Y/N{ +) 0062 | -a4nsesw 32a41Q 8 -ou37 otaofe} pood
NOTLIYLNN
ONvY G0C4d N
SISONDOYd NOILYHOIMIWY 3ONIYILTY viva A¥SAOD3Y [NOILYYNA | L3ISNO | LTNS3Y FONINILYEC JALILDIFF0 | AINIWIHASVYIN| INITHOIAOD
IVYINTD /3 L1SAS

LHOI4 IOVdS OL SISNOJISIY NVIWNH 40 AYOLNIANI

15



*9[ISNW pue 2AJ3Y
‘34e3y uy sabueyo

JA3L11ge3LAaL, Sasned Adeaays auouwuoy abeuaane
uoi3a|dap wnysserod fquawa (ddns 02 %2°8 350! wntssezod
3asnedsq papueny + ) ‘uoLiragny yoeaq qelfs umouun A kﬁ USUWMBA) A ;7 31qeatueydx3
sbeuane
02 %6°1 3504 pinid
duoN Yyoeaq qeiiys umouun USWMAU) dRIn{isoed3xy
abeaaar
ce %L°T 1s0| 191 eM
a|qeaoaey auoN yoean qelfys umouyuf PETIEENTY Apoq ‘| 210]
abeuasA?
%521
‘a|qetiau £1 AlLensn 150} un [ oA
St e3ep L papueny JuoN uosuyop qeiys SYaM 2 USUMIAY Bwse|d
Alanty
~-22dsau
Adeaaya %/ pue
suowuoy ¢juswd [d %81 3s0| wnisseied
-dns ) ‘uorjtaqny A A UUMAUY 91qeaburyoxy
s3Lpnys
yoea ptayy fotbotesmucy
%€ 150} 42{nj1ea| ® dcue|vg
4 USUMEAY ! 2J3X3 |3 [P410512
‘adue|vg
yoed pinid
%2 3150¢ 433M jacdans
NETVEEN] UBWMILY Apog |e3cy | 03 satpnis
Butanp saseb a1xo3 43 onu
03} s3neuo4ise j0 Klanty £q 2y511y
2unsodxa juajusApeul -23dsad {043u02 213138 3sod g oud
Aq pasiwoadwos usaq %51 pue| -03WOY 4O UOLY | ‘gaueieg
aAaRy Aew s3insad 9¢ %L ISO| | -®3idepe jo juau _ ping4 puz
‘stsouboud uiejaadun JUON yoeaq dLsy umou upy v/N V/N| usumMau)f -aanseaur 39941Q | SLSPISORUCH ALN{OA 2wsSe(d [3341043233
N B\
EIVN
-0412373 ¢
SISCNDO¥d NOLLYYOITIWY |3DON3I¥343¥| VIVa | A¥LAOS3Y |NOILYNYNG | L3SNO 1Ins3y IDNINILYA JAILD3780 | INIWIUNSYIN | INTILOLMO
TVUHINID /HALSAS

LHOITd IDVHS OL SISNCASIY NYWNH 40 AUOLNIANI

‘O
T




IV. DISCUSSION OF HUMAN RESPONSES TO SPACE FLIGHT

This section contains discussions relating to the responses of humans to
weightlessness, acceleration/deceleration and other elements of space flight
which may affect the health and safety of SPS space workers.

A. WEIGHTLESSNESS

The weightless environment of space flight has been available for scientific
investigation only since the early 1960's. The ability or inability of the
human physiological system to adapt to this unique environment and subse-
quently to readapt to a one-g environment may ultimately 1imit the duration of
manned space flights. This section contains a description of the general phy-
siological effects of weightlessness, with emphasis on the physiological
effects that could 1imit mission durations in the absence of effective
countermeasures and with special reference to mission operations. Whenever

morphological changes follow their physiological counterparts, the implica-
tions are discussed.

Research programs at NASA are carried out by many teams of investigators who
utilize different approaches and methods in studying facets of the overall
problems. Whenever possible, this section will attempt to unify the various
research results and to present a composite picture or status of test results
for each organ system or physiological function.

Definition

Wwhen the inertial forces of an orbiting body exactly balance the gravitational
forces, the resultant forces impinging on the body have a magnitude of zero.
This state is referred zero-g, null gravity, or weightiessness.

It is only during space flight that weightlessness is produced for any
extended period. However, the zero-g state can be produced for brief periods
within the Earth's atmosphere. Aircraft flying a Keplerian parabolic trajec-
tory have produced periods of weightlessness for as long as 60 seconds (54).
These brief periods of zero-g have limited usefulness for investigations of
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the physiological effects of weightlessness; they are most useful for develop-
ing and evaluating space-flight hardware and procedures. Other available
methods by which certain effects of the weightless environment on 1iving sys-
tems can be simulated more or less realistically depend on the phenomenon
being observed. Bed rest and liquid immersion have been used for may years to
simulate the effects of space flight on the human musculoskeletal, cardiovas-
cular, fluid, hormonal and electrolyte control systems. These analogs of
weightlessness provide an opportunity to test hypotheses, explore mechanisms,
and evaluate countermeasures in areas where physiological effects similar to
those observed in zero-g are know to occur.

Weightlessness is known to affect several physiological systems including
musculoskeletal, cardiovascular, humoral, vestibular, hormonal and electrolyte
control. Many of the changes are not fully realized until return to the one-g
environment,

Gravitational forces have been present in the evolutionary development of
every species of land animal and plant. The anatomical placement and mass of
the skeleton and musculature of land animals have subsequently evolved to
maintain posture and provide locomotion against these gravitational forces.

To enable man and other animals to acquire and maintain posture and body
orientation in normal gravity, the central nervous system interprets visual,
kinesthetic, vestibular, and statokinetic signals to produce the "appropriate"
gravity-dependent sensorimotor response. Both the mechanicoreceptors within
the body and the learned central nervous system interpretations are turned to
the terrestrial weight/force relationship. Further, the cardiovascular system
of man and of other aninals have evolved anatomical structures and physiolog-
ical mechanisms (e.g., cartoid sinus reflex) to overcome changes or orienta-
tion with respect to gravitational forces.

In essence, the "stress" of weightlessness is the removal of forces to which
the body is adapted and for which the body is genetically designed to counter-
act. Adaptation to the weightless environment involves disuse or modified use
of these structures and mechanisms. Rapid and complete adaptation to a
weightless enviromment is desirable for enhanced performance during space
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flight. However, the degree of adaptation during weightless exposure may
affect the severity of problems encountered upon return and readaptation to
the one-g environment.

The weightlessness of the space environment applies predictable stresses in

selective modes to human subjects and results in fairly predictable responses.
A number of these responses appear to be either deleterious to the continued

health and well-being of anyone while in space, particularly over protracted
periods, or somewhat prejudicial or disabling to anyone during and immediately

after return to a gravity-based earth existence. At least one response, loss

of structural integrity of bone, may not be fully reversed for several months.

The organ systems and functions recognized as sensitive to the changes to and

from weightlessness are the mu. - oskeletal system, the cardiovascular system,
the 1immune system, the endc. @ : system (secondarily), and bioenerqgetic
control.

The organ systems that have suffered minimal or no measurable functional
changes during space exposure include:

Reproductivce

Digestive

Respiratory (in zero acceleration)

Lymphatic

Nervous (especially psychomotor, behavior, judgement, problem-solving
ability)

Excretory

Sensory (except vestibular)

Responses are classified as gross-level effects and less important effects.

Gross-Level Effects
Antigravity muscie mass loss, is probably comprised of fluid surrounding the

muscle fibers cnd protein from the muscle fibers themselves. Other skeletal
muscles exhibit these losses to a lesser degree. There is a small, reversible

loss of strength and ability to perform work at maximal levels.
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Skeletal intergrity is compromised by slow losses of the protein matrix of
bone as well as of bone mineral, leading toward osteoporosis. Recovery is

known to require a protracted period.

There is a fluid shift, particularly from the legs to the head and upper
torso, and some fluid is lost, probably from the blood plasma primarily with
some contribution of interstitial fluids from leg musculature. The fluid
shift to the upper regions causes engorgement of veins, puffiness of disten-
sible regions of the face and neck, and sinus and oropharyngeal congestion.
These changes possibly contribute to the development of untoward vestibular
responses including nausea and vomiting.

Cardiovascular adaptability or competence (orthostatic tolerance) is compro-
mised by weightlessness. This finding is demonstrated by stress tests

including lower body negative pressure (LBNP) upon return to an erect posture
in normogravity following space exposure.

Less Important Effects
Less obvious changes that may be secondary or tertiary level effects include:

Skin infections which might be a result of defense system change or depres-
sion, inadequacy of provisions for maintaining hygiene, increased virulence of

microbial invaders, or other cause.

A loss of red cell mass, probably related to depression of hemopoietic
capabilities.

Changes in neuroendocrine activity as measured in blood and urine specimens,
with especial reference to electrolyte and water balance, electrolyte losses
and plasma volume loss.

Physical injury produced by an inflexible or poorly fitting space garment

after the subject has experienced spinal elongation on other anthropometric
changes in null gravity.
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Reduced sensory accuity or discrimination have been reported by some Apollo

and Skylab astronauts. These have been manifest as a reported inability to
taste spices in foods. Diminution in ability to smell due to engorgement of

mucous membranes in the head and/or the lack of normal convection currents may
contribute to this condition.

A catch-all category that produces the readout that bioenergetic control has
been compromised; maximal work performance capability is reduced and the cali-

bratable responses among energy output, heart rate and oxygen uptake lose
their quantitative interdependence.

Musculoskeletal System
Reduction of extermal forces acting on the weight-bearing structure of the

body results in loss of calcium and other minerals important to bone integ-
rity. Animals reared on a centrifuge where they are exposed to elevated g
loadings develop enlarged skeletal members. Human inactivity such as bed rest

causes some members of the skeleton to lose mineral and leads to decreased
density and increased brittleness of bone. The skeletal response applied load

is described by Wolff's law as a linear one, hence there is assurance that a

program to stress the skeleton should prevent demineralization. Also a host
of factors that influence mineralization can be manipulated; e.g., vitamin D,

calcitonin, parathormone, calcium, phosphorus, and nutritional requirements.
Androgenic hormones might also be involved. However, means that have been

tested in bed rest and in space have met with little success - calcium loss
has continued throughout the longest space missions to date, 175 days (Soviet
data).

Three of the Skylab crewmen exhibited loss of os caleis (heel bone) material,

and none showed an loss from the arm skeleton. One had regained bone loss by
the 87th day postflight, and the other two had not regained their losses by
the 95th day. Losses were correlated with urinary hydroxyproline excretion
which is thought to be an indication of bone matrix (protein) loss.

Urinary calcium excretion was high in all Skylab crewmen. As expected, fecal

calcium excretion was greater than urinary calcium. The rate did not subside.
Of particular note is the observation that whereas excretion of calcium in
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urine reached a plateau (twice or more than normal at 1-G), the amount of
calcium in the feces continued to increase for the full 84 days in all three
astronauts of the SL-4 mission. The average loss from the heel bone was about
3.9% per month. Phosphorus loss was similar. Urinary calcium and phosphorus

excretion had returned to normal in less than one week postflight, but bone
structure had not been rebuilt. As noted above, upwards of three months were

required for bone resynthesis. The loss was of no immediate concern, but it
has a great deal of potential significance for long duration missions because
the loss of total body calcium was about 0.4% per month.

Skeletal stress is normally produced by the action of gravity and by muscular
force. In space, without apparent gravity, exercise from 30 minutes per day
on Skylab 2 to 90 minutes per day on Skylab 4 did not prevent calcium excre-
tion and bone demineralization. Soviet experience on Salyut 6 which involved
exercise for periods of up to 150 minutes per day on flights to 175 days was
similar in that bone loss continued. There is reason to expect that a novel
exercise program can be synthesized that will more nearly duplicate the
natural loads on the skeleton and maintain skeletal integrity, perhaps when
augemented by nutritional factors, drugs, longitudinal compression of skeletal
members, or other techniques short of providing artificial gravity.

Intract.pility of the demineralization phenomenon suggests that a part of the
causation has not been considered. Perhaps a sensor is causing inappropriate
decalcification, mobilizing calcium to meet an electrolyte balance reguire-
ment, while another part of the control system is causing the calcium to be
excreted. If this is true, then loading calcium in the intake should suppress
demineralization and urinary calcium. However, in bed rest studies loading
calcium does not suppress urinary calcium; it appears to suppress deminerali-
zation for a time (up to 3 months) but then decreased intestinal absorption
becomes so great that balance goes negative.

Without remedial measures, missions of 8 to 9 months would not be precluded,

based on our present understanding of skeletal dynamics in weightlessness.
Very lengthy missions would be precluded because of our belief that serious

degradation to trabecular bone represents a morphological change that cannot
be corrected.
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During hypodynamic conditions such as bed rest, muscle size and strength are
reduced. The resulting atrophy can be followed by measurement of excess

nitrogenous compounds in the urine and by reduction in muscle volume. The
musculature most affected is that involved in countering gravity, primarily in
the legs. The most significant way to maintain musculature (tonus, strength,
endurance) is to maintain a level of exercise which will prevent any loss of
or change on the physiological properties of muscle. It is generally assumed
that a properly designed exercise program will also result in sufficient
skeletal stress to maintain the skeleton in prime condition, but the results
from bed rest and space tests have thus far been disappointing.

The loss of nitrogen, both in increase in urinary nitrogen and by balance

study (which takes into account the dietary protein intake) was significant;
distinctly greater than previously noted in any bed rest study, and it contin-
ued for the full length of the Skylab flights.

In Skylab, there was no loss in work capacity. Muscular strength was slightly
reduced. During postflight testing, work capacity was severely reduced, but
the reduction was attributed to reduced cardiac output.

There was loss of nitrogen, indicating a loss in muscle mass which was also
confirmed by measuring 1imb girth and by biostereometrics. The deqree of

atrophy is speculative as the fluid shift adds uncertainty to the interpreta-
tion of volume measurements. One investigator suggested the figure of 300 ml
for muscle atrophy in Skylab astronauts, based on recovery kinetics.

Calculations of muscle tissue loss from nitrogen balance data indicated much
greater muscle atrophy. These data indicate a mean muscle tissue loss among
the three Skylab-4 astronauts of 1.9 kg. In recovery on Earth, there was a
sharp drop in urinary nitrogen, to well below pre-flight levels, consistent
with rebuilding of muscle tissue.

Postflight electromyographic studies on Skylab and the ASTP program showed
muscle superexcitability and increased fatigability along with reduced tension
capabiltiy. The ASTP data also showed increased electrical efficiency of arm

muscles and decreased electrical efficiency of 1eg muscles.
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Changes in size and electromyographic properties of muscle after prolonged
space flight indicate that absolute muscular integrity has not been achieved
by exercise. The experience of Skylab-4 indicated that there should be no
concern for operational performance in stays of 90 days; from the continuation
of increased urinary nitrogen excretion throughout flight, however, the dura-
tion of "no concern" beyond 90 days is uncertain, even with an exercise
program.

Cardiovascular System
Hemodynamics

The normal or customary human tolerance to the stress of upright posture in
one-g (orthostatic tolerance) is temporarily reduced after space flight. This
is manifested subjectively by symptoms presaging syncope (faint-headedness,
dizziness, weakness, transient instability upon standing) and objectively by
test signs and cardiovascular measurements (increased heart rate, decreased
pulse pressure, presyncope). The fairly consistent finding of a 10% loss in
plasma volume after space flight may be a contributory factor in the develop-
ment of orthostatic intolerance. Signs and symptoms may persist for up to one

to two weeks after fiight without a discrete mission duration dependency. A
special concern arises when accelerative (decelerative) forces upon the long

axis of the body (+GZ) are applied during crucial tasks, e.g., on reentry. To
prevent tolerance from being exceeded, a cardiovascular counter pressure gar-
ment was worn to provide mechanical counterpressure to the Tower extremeties

to reduce the postural hypotension of effects following landing and operations
under one-g conditions.

No specific inflight operational problems are known that have a cardiovascular
origin. A headward fluid shift may degrade performance, at least early upon

attaining orbit, by virtue of reported feeling of malaise, headache, sinus
congestion, and a sensation of head fullness.

Exercise capacity is moderately and transiently reduced postflight but appears
well maintained inflight. The current hypothesis relates this postflight

decrement in exercise capacity causally to the same mechanisms involved in
reduced orthostatic tolerance.

54




Blood and fluid redistributions such that the heart does not fill normally
seem to be at the core of the total phenomenon of orthostatic intoleranc. It
is conceivable that early inflight space sickness may be causally related.
Alterations observed in inflight electrocardiograms are also probably directly
related to cephalad fluid shifts.

Measurement of electromechanical properties of the heart postflight against a
preflight baseline in both resting and stress condition revealed changes in
systolic time intervals and reduced amplitude of the first heart sound.
Recovery to preflight baseline required less than 31 days postflight, but the
capability for maximum levels of exercise was depressed for perhaps two
months.

Measurement of cardiac electrical parameters by vectorcardiography, and pre-,
in- and postflight with ergometer and LBNP stress, revealed minor changes
between resting values, pre- and postflight. Lower body negative pressure
stress added to the changes. The most unfavorable responses to the LBNP
stress diminished after five to seven weeks of flight. There were small
changes except at recovery when low cardiac output compromised exercise cap-
ability. The changes during flight included increased QRS vector magnitude
and reduced heart rate and response to exercise compared to preflight. The
unfavorable responses to LBNP inflight and to exercise postflight were pre-
syncopal